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POLYMERS, RESIST COMPOSITIONS AND
PATTERNING PROCESS

This invention relates to polymers usetful as the base resin
in resist compositions suited for microfabrication. It also
relates to resist compositions, especially chemical amplifi-
cation resist compositions comprising the polymers, and a
patterning process using the same.

BACKGROUND OF THE INVENTION

In the drive for higher integration and operating speeds in
L.SI devices, the pattern rule 1s made drastically finer. The
rapid advance toward finer pattern rules 1s grounded on the
development of a projection lens with an increased NA, a
resist material with improved performance, and exposure
light of a shorter wavelength. To the demand for a resist
material with a higher resolution and sensitivity, chemical
amplification positive working resist materials which are

catalyzed by acids generated upon light exposure are efiec-

tive as disclosed in U.S. Pat. No. 4,491,628 and U.S. Pat.
No. 5,310,619 (JP-B 2-27660 and JP-A 63-27829). They
now become predominant resist materials especially adapted
for deep UV lithography.

Also, the change-over from 1-line (365 nm) to shorter
wavelength KrF laser (248 nm) brought about a significant
innovation. Resist materials adapted for KrF excimer lasers
enjoyed early use on the 0.30 micron process, passed
through the 0.25 micron rule, and currently entered the mass
production phase on the 0.18 micron rule. Engineers have
started 1nvestigation on the 0.10 micron rule or less, with the
trend toward a finer pattern rule being accelerated.

For ArF laser (193 nm), 1t 1s expected to enable minia-
turization of the design rule to 0.13 um or less. Since
conventionally used novolac resins and polyvinylphenol
resins have very strong absorption in proximity to 193 nm,
they cannot be used as the base resin for resists. To ensure
transparency and dry etching resistance, some engineers
ivestigated acrylic and alicyclic (typically cycloolefin) res-

ins as disclosed in JP-A 9-73173, JP-A 10-10739, JP-A

9-230595 and WO 97/33198.

SUMMARY OF THE

INVENTION

An object of the invention 1s to provide a novel polymer
having a high transmittance to a laser beam of up to 300 nm,
especially KrF (248 nm), ArF (193 nm), F, (157 nm), Kr,
(146 nm), KrAr (134 nm) and Ar, (126 nm) excimer laser
beams, and useful as the base resin 1n a resist composition.
Another object 1s to provide a resist composition, and
especially a chemical amplification resist composition, com-
prising the polymer, and a patterning process using the same.

It has been found that when a polymer having sulfone or
sulfonate units introduced therein 1s used as a base resin, the
resulting resist composition, especially chemically amplified
resist composition 1s drastically improved 1n substrate adhe-
sion without detracting from transparency.

In a first aspect, the present invention provides a polymer.
One embodiment provides a polymer comprising recurring
units of the following general formula (1) and having a
welght average molecular weight of 1,000 to 500,000.
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Herein R' to R® each are hydrogen, fluorine or a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms, R* is a valence bond or a straight, branched
or cyclic alkylene or fluormnated alkylene group of 1 to 20
carbon atoms, and R” is a straight, branched or cyclic alkyl
group of 1 to 20 carbon atoms which may contain a hetero
atom.

Another embodiment provides a polymer comprising
recurring units of the following general formula (2a) or (2b)

and having a weight average molecular weight of 1,000 to
500,000.

(2a)

=
i?
e

(2b)

Herein R° is a methylene group, oxygen atom, sulfur atom
or SO,, R’ to R' each are hydrogen, fluorine, a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms or —R''—SO,R"*, at least one of R’ to R'"
containing —R'"'—SO,R"'*, R'"" is a valence bond or a
straight, branched or cyclic alkylene or fluorinated alkylene
group of 1 to 20 carbon atoms, R"* is fluorine or a straight,
branched or cyclic alkyl group of 1 to 20 carbon atoms
which may contain a hetero atom, al 1s O or 1, and a2 1s an
integer of O to 2.

A Tfurther embodiment provides a polymer comprising

recurring units each having a functional group of the fol-
lowing general formula (3), and having a weight average

molecular weight of 1,000 to 500,000.
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(3)

Herein R'® is a methylene group, oxygen atom, sulfur atom
or SO,, R'* to R"’ each are hydrogen, a straight, branched

or cyclic alkyl group of 1 to 20 carbon atoms, —ng—
SO.R" or —R"™—SO,R", at least one of R'* to R"’

containing —R'*—SO,R'"” or —R'"*—SO,R'”, R'® is a
valence bond or a straight, branched or cyclic alkylene group
of 1 to 20 carbon atoms, R'” is hydrogen, an acid labile
group, an adhesive group or a straight, branched or cyclic
alkyl group of 1 to 20 carbon atoms, and b 1s 0 or 1.

Preferably, the polymer includes recurring units of any
one of the following general formulae (4-1) to (4-5).

(4-1)

(4-2)

(4-3)

(4-4)
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4

-continued
(4-5)

Herein R*° to R** and R*” to R>* each are hydrogen, fluorine
or a straight, branched or cyclic alkyl or fluorinated alkyl
group of 1 to 20 carbon atoms, R* is a group of the above
formula (3), hydrogen, an acid labile group, an adhesive
group, or a straight, branched or cyclic alkyl or fluorinated
alkyl group of 1 to 20 carbon atoms, R** is a methylene
group, oxygen atom, sulfur atom or SO.,, R* to R*® each are
hydrogen, fluorine, —R**—OR*’, —R**—CO,R*® or a
straight, branched or cyclic alkyl or fluorinated alkyl group
of 1 to 20 carbon atoms, R*” and R>> each are a valence bond
or a straight, branched or cyclic alkylene or fluorinated
alkylene group of 1 to 20 carbon atoms, R>* is a straight,
branched or cyclic fluorinated alkyl group of 1 to 20 carbon
atoms, c1s O or 1, d 1s 1 or 2, ¢ 1s an integer of O to 4, and

] =d+e=5.

In a second aspect, the present invention provides a resist
composition comprising the polymer defined above, prefer-
ably a chemically amplified positive resist composition
comprising (A) the polymer defined above, (B) an organic
solvent, and (C) a photoacid generator. The resist composi-
tion may further include (D) a basic compound and/or (E) a
dissolution inhibitor.

In a third aspect, the present invention provides a process
for forming a resist pattern comprising the steps of applying
the resist composition onto a substrate to form a coating;
heat treating the coating and then exposing it to high-energy
radiation 1 a wavelength band of 100 to 300 nm or 1 to 30
nm through a photomask; and optionally heat treating the
exposed coating and developing 1t with a developer. The
high-energy radiation used herein 1s typically a KrF, ArF, F,
or Ar, laser beam or soit x-ray.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Polymer

The inventor has found that sulfones or sulfonates, despite
the inclusion of two sulfur-to-oxygen double bonds, have a
high transmittance at wavelengths near 248 nm, 193 nm and
157 nm, and that resins comprising such units are drastically
improved 1n substrate adhesion and developer penetration
over conventional commonly used polymers. It has been
found that by introducing units of the general formula (1),
(2a), (2b) or (4-1) to (4-5), shown below, or units having
substituent groups of the general formula (3), shown below,
into a polymer for use as a base resin 1n resist compositions,
the polymer 1s drastically improved 1n transparency while

minimizing a decline of resin’s adhesion to substrates and
the repellency of the resin to developers.
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(1)

(2a)

(2b)

(3)

(4-1)

(4-2)

(4-3)
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-continued
(4-4)
R p32
AN
—_ (R33_O _R23)d
|
\ /
(5‘134)3
s (4-5)
R
O.f"'

In the formulae, R' to R each are a hydrogen atom, a
fluorine atom or a straight, branched or cyclic alkyl or
fluorinated alkyl group of 1 to 20 carbon atoms. R* is a
valence bond or a straight, branched or cyclic alkylene or
fluorinated alkylene group of 1 to 20 carbon atoms. R° is a
straight, branched or cyclic alkyl group of 1 to 20 carbon
atoms which may contain a hetero atom.

R° is a methylene group, oxygen atom, sulfur atom or
SO,. R’ to R each are a hydrogen atom, a fluorine atom,
a straight, branched or cyclic alkyl or fluorinated alkyl group
of 1 to 20 carbon atoms or —R''—SQ,R"*. At least one of
R’ to R'® should contain —R"'*—SOQ,R"'*. R"" is a valence
bond or a straight, branched or cyclic alkylene or fluormated
alkylene group of 1 to 20 carbon atoms. R'* is a fluorine
atom or a straight, branched or cyclic alkyl group of 1 to 20
carbon atoms which may contain a hetero atom.

R" is a methylene group, oxygen atom, sulfur atom or
SO,. R to R'” each are a hydrogen atom, a straight,

branched or cyclic alkyl group of 1 to 20 carbon atoms,
—R —SO,R"” or —R'"—SO,R". At least one of R'* to

R"’ should contain —R'*—SO,R"” or —R"™*—SO,R"”. R"®
1s a valence bond or a straight, branched or cyclic alkylene
group of 1 to 20 carbon atoms. R'” is a hydrogen atom, an
acid labile group, an adhesive group or a straight, branched
or cyclic alkyl group of 1 to 20 carbon atoms.

R*" to R** and R to R’* each are a hydrogen atom,
fluorine atom or a straight, branched or cyclic alkyl or
fluorinated alkyl group of 1 to 20 carbon atoms. R*’ is a
group ol the above formula (3), a hydrogen atom, an acid
labile group, an adhesive group, or a straight, branched or
cyclic alkyl or fluornated alkyl group of 1 to 20 carbon
atoms. R** is a methylene group, oxygen atom, sulfur atom
or SO,. R* to R*® each are a hydrogen atom, fluorine atom,
—R*”*—0R**, —R*”—CO,R*® or a straight, branched or
cyclic alkyl or fluorinated alkyl group of 1 to 20 carbon
atoms. R*” and R each are a valence bond or a straight,
branched or cyclic alkylene or fluorinated alkylene group of
1 to 20 carbon atoms. R>* is a straight, branched or cyclic
fluorinated alkyl group of 1 to 20 carbon atoms.

The subscript al 1s O or 1, a2 1s an mteger of O to 2, b 1s

Oorl,c1s0o0rl,dis 1 or 2, and e 1s an mteger of O to 4,
and 1 =d+e=5.
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More particularly, suitable straight, branched or cyclic
alkyl groups have 1 to 20 carbon atoms, preferably 1 to 12
carbon atoms, more preferably 1 to 10 carbon atoms.
Examples include, but are not limited to, methyl, ethyl,
propyl, 1sopropyl, n-propyl, n-butyl, sec-butyl, tert-butyl,
cyclopentyl, cyclohexyl, cyclohexylmethyl, 2-ethylhexyl,
n-octyl, 1-adamantyl, 2-adamantyl, and (2-adamantyl)me-
thyl.

The fluorinated alkyl groups correspond to the foregoing
alkyl groups in which some or all of the hydrogen atoms are
replaced by fluorine atoms. Examples include, but are not
limited to, trifluoromethyl, 2,2,2-trifluoroethyl, 3,3,3-trifluo-
ropropyl, 1,1,1,3,3,3-hexafluoroisopropyl, and 1,1,2,2,3,3,3-
heptatluoropropyl.

Suitable straight, branched or cyclic alkylene groups of 1
to 20 carbon atoms correspond to the foregoing alkyl groups
with one hydrogen atom eliminated. Suitable fluorinated
alkylene groups are similar alkylene groups which are
partially or entirely substituted with fluorine atoms.

The acid labile group represented by R> is selected from

a variety of such groups, preferably from among the groups
of the following formulae (5) to (7).

()

OR34

—(CHy)¢ ‘

(6)
R35

ORBT

(7)

In formula (5), R** is a tertiary alkyl group of 4 to 20
carbon atoms, preferably 4 to 15 carbon atoms, an oxoalkyl
group of 4 to 20 carbon atoms or a group of formula (5).
Suitable tertiary alkyl groups include tert-butyl, tert-amyl,
1,1-diethylpropyl, 1-ethylcyclopentyl, 1-butylcyclopentyl,
1-ethylcyclohexyl, 1-butylcyclohexyl, 1-ethyl-2-cyclopen-
tenyl, 1-ethyl-2-cyclohexenyl, and 2-methyl-2-adamantyl.
Suitable oxoalkyl groups include 3-oxocyclohexyl, 4-me-
thyl-2-oxooxan-4-yl, and S-methyl-5-oxooxolan-4-yl. Letter
f 1s an 1teger of 0 to 6.

[lustrative, non-limiting, examples of the acid labile
group of formula (5) include tert-butoxycarbonyl, tert-bu-
toxycarbonylmethyl, tert-amyloxycarbonyl, tert-amyloxy-
carbonylmethyl, 1,1-diethylpropyloxycarbonyl, 1,1-diethyl-
propyloxycarbonylmethyl, 1-ethylcyclopentyloxy-carbonyl,
1 -ethylcyclopentyloxycarbonylmethyl, 1-ethyl-2-cyclopen-
tenyloxycarbonyl, 1-ethyl-2-cyclo-pentenyloxycarbonylm-
cthyl, 1-ethoxyethoxycarbonylmethyl, 2-tetrahydropyrany-
loxycarbonylmethyl, and
2-tetrahydrofuranyloxycarbonylmethyl groups.

In formula (6), R’> and R’° are hydrogen or straight,
branched or cyclic alkyl groups of 1 to 18 carbon atoms,
preferably 1 to 10 carbon atoms, for example, methyl, ethyl,
propyl, 1sopropyl, n-butyl, sec-butyl, tert-butyl, cyclopentyl,
cyclohexyl, 2-ethylhexyl and n-octyl. R®’ is a monovalent
hydrocarbon group of 1 to 18 carbon atoms, preferably 1 to
10 carbon atoms, which may contain a hetero atom such as
oxygen, for example, straight, branched or cyclic alkyl
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8

groups and substituted ones of these alkyl groups in which
some hydrogen atoms are substituted with hydroxyl, alkoxy,
0x0, amino or alkylamino groups. Exemplary substituted
alkyl groups are shown below.

—(CH,),—OH—(CH,),—0H

—(CH;)>,—0—(CH;);CH3—(CH),—O
OH

— (C H2)44<:>7 CHzOH
0 O
- CH2
O

A pair of R> and R>°, a pair of R°> and R>’, or a pair of
R>° and R’ may bond together to form a ring. Each of R™>,
R7° and R>’ is a straight or branched alkylene group of 1 to
18 carbon atoms, preferably 1 to 10 carbon atoms, when they
form a ring.

Of the acid labile groups of formula (6), straight or
branched ones are exemplified by the following groups.

(CHz)—

_CH2 O CH3 - CH2 O CHZCHg
- CH2 O (CHQ)ZCHg _CH2 O (C H2)3CH3
CH; CH;

—CH,—O0—CH—CH; ——CH,—O0—C——CH;

CHj;
(‘3H3 CH,CH; (CH,)>CHj;
|
—CH—O0—CH; —CH—O—CH; —CH—O0—CH;
(‘3H3 (‘3}12(3}13
— CH—O0—CH,CH; — CH—O0—CH,CH;
| I
—CH—O0—(CH,),CH;  ——CH—O0—(CH,);CHx
CH,CH; CH,CH;

—— CH—O0— (CH,),CH; —— CH—O0— (CH,)+CH,
(CH;),CH;3 (CH3)»CH;3

—— CH—O—(CH>),CH; —— CH—O—(CH,);CH;
CH, CH,

C——0—CH;

CH;

CH3 CH3
_CH—O@ —CH—04<_>

Of the acid labile groups of formula (6), cyclic ones are
exemplified by tetrahydrofuran-2-yl, 2-methyltetrahydrofu-
ran-2-yl, tetrahydropyran-2-yl, and 2-methyltetrahydropy-
ran-2-vl.

Of the groups of formula (6), ethoxyethyl, butoxyethyl
and ethoxypropyl are preferred.

In formula (7), R*®, R*” and R*® each are a monovalent
hydrocarbon group, typically a straight, branched or cyclic
alkyl group of 1 to 20 carbon atoms, which may contain a
hetero atom such as oxygen, sulfur, nitrogen or fluorine. A

—(C——0—CH,CH;
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pair of R*® and R*”, R*® and R*’, and R and R*’, taken
together, may form a ring with the carbon atom to which

they are bonded.

Examples of the tertiary alkyl group represented by
formula (7) include tert-butyl, triethylcarbyl, 1-ethylnor-
bormyl, 1-methylcyclohexyl, 1-ethylcyclopentyl, 2-(2-me-
thyl)adamantyl, 2-(2-ethyl)adamantyl, tert-amyl, 1,1,1,3.3,
3-hexatluoro-2-methyl-1sopropyl, and 1,1,1,3,3,3-
hexafluoro-2-cyclohexyl-isopropyl as well as the groups
shown below.

R4 |
/
R4 |
R43 R43 R43 R43
/ 44
R4 | R4 1 R4 1
43 43
? R43 R R
@ ©
R42 R42 R42 R42
R42 R42 R42 R42
R42
R42

10

15

20

25

30

35

40

45

50

Herein, R*" is a straight, branched or cyclic alkyl group of 53

1 to 6 carbon atoms, such as methyl, ethyl, propyl, 1sopropyl,
n-butyl, sec-butyl, n-pentyl, n-hexyl, cyclopropyl, cyclopro-
pylmethyl, cyclobutyl, cyclopentyl and cyclohexyl. R** is a
straight, branched or cyclic alkyl group of 2 to 6 carbon
atoms, such as ethyl, propyl, 1sopropyl, n-butyl, sec-butyl,
n-pentyl, n-hexyl, cyclopropyl, cyclopropylmethyl,
cyclobutyl, cyclopentyl and cyclohexyl. Each of R*® and R**
1s hydrogen, a monovalent hydrocarbon group of 1 to 6
carbon atoms which may contain a hetero atom, or a
monovalent hydrocarbon group of 1 to 6 carbon atoms
which may be separated by a hetero atom. These groups may
be straight, branched or cyclic. The hetero atom 1s typically

60

65
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selected from oxygen, sulfur and nitrogen atoms and may be
contained or intervene in the form of —OH, —OR™,

O—, —S— —S(=0)—, —NH,, —NHR*, —N(R™),,
— NH— or —NR*— wherein R* is a C,_. alkyl group.
Examples of R** and R** groups include methyl, hydroxym-
cthyl, ethyl, hydroxyethyl, propyl, 1sopropyl, n-butyl, sec-
butyl, n-pentyl, n-hexyl, methoxy, methoxymethoxy, ethoxy
and tert-butoxy.

Next, the adhesive group represented by R*? is selected
from a variety of such groups, preferably from among the
groups of the following formulae.

I‘\TH HO\ ) IL

YO A

FEPRePoPs
LR QG

v g
(_

N(CHz3);
HO/

R46

OH
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-continued
/% 5 O O
—OH —— OH
v& & \S #O \S {;’O -
0@\ 0Z \
ng R19
a6 \ 2V \ Y
Herein, R™ 1s a methylene group, oxygen atom, sulfur 10 7 g7
SO o7 \ o“\
atom or >O.,. o 10 o 19
[lustrative examples of the recurring units of formulae
(1), (2a) and (2b) are given below, though not limited | | | |
thereto. @ {O @ 0
15
. #O \S /}O
F F 0Z\ 0Z\
OR19 OR]Q‘
/(’\* N M 20 \S""}O S#O
: O{/ \ O// P
0O=S=0 O0=S=0 0=8=0 O—?—O R 19 OR
RS
Herein, R'” is as defined above.

»s  Inaddition to the foregoing units, adhesive units as shown
below may be incorporated 1n the inventive polymers for the
purpose of improving substrate adhesion.

\ 20
5
e N R N AR N
S’ﬁo ’
S
51 O O O O N O O
35 RY o
| |
O
O g R 2 N N
C
¢ I 0”0
PN I
O O R 12 N N |
S{/ CH3
S \&
R12
%\Oq)’\ 45 éR‘tg R49 R49'
7 /\\ X )\ >\
oZ \ 50 O O O O O O O O
R12
2e |-
/S
0%\
R1= R49
O
55
O O
20 60  Herein, R*’ and R*® each are hydrogen, fluorine or a
O,;}S\ straight, branched or cyclic alkyl or fluorinated alkyl group
R 12 of 1 to 20 carbon atoms, and R* is a methylene group,

oxygen atom, sulfur atom or SO,.

_ < - The polymers of the invention are generally synthesized
Herein, R” and R™ are as defined above. 65 by dissolving monomers corresponding to the respective
[lustrative examples of the substituent group of formula units of formulae (1), (2a), (2b), (4-1) to (4-5) and option-

(3) are given below, though not limited thereto. ally, an adhesion-improving monomer and the like 1n a
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solvent, adding a catalyst thereto, and eflecting polymeriza-
tion reaction while heating or cooling the system 11 neces-
sary. The polymerization reaction depends on the type of
iitiator or catalyst, trigger means (including light, heat,
radiation and plasma), and polymerization conditions (in-
cluding temperature, pressure, concentration, solvent, and
additives). Commonly used for preparation of the polymers

of the mvention are radical polymerization of triggering
polymerization with initiators such as 2,2'-azobisisobuty-
ronitrile (AIBN) or the like, and 1on (anion) polymerization
using catalysts such as alkyl lithium. These polymerization
steps may be carried out 1n their conventional manner.

The radical polymerization initiator used herein 1s not
critical. Exemplary initiators include azo compounds such as
AIBN, 2,2'-azobis(4-methoxy-2,4-dimethyl-valeronitrile),
2,2'-azobi1s(2,4-dimethylvaleronitrile), and 2,2'-azobis(2.4,
4-trimethylpentane); peroxide compounds such as tert-butyl
peroxypivalate, lauroyl peroxide, benzoyl peroxide and tert-
butyl peroxylaurate; water-soluble 1nitiators, for example,
persulfate salts such as potassium persulfate; and redox
combinations of potassium persulfate or peroxides such as
hydrogen peroxide with reducing agents such as sodium
sulfite. The amount of the polymerization imtiator used 1s
determined as appropriate 1n accordance with such factors as
the 1dentity of imitiator and polymerization conditions,
although the amount 1s often 1n the range of about 0.001 to
5% by weight, especially about 0.01 to 2% by weight based
on the total weight of monomers to be polymerized.

For the polymernization reaction, a solvent may be used.
The polymerization solvent used herein 1s preferably one
which does not interfere with the polymerization reaction.
Typical solvents include ester solvents such as ethyl acetate
and n-butyl acetate, ketone solvents such as acetone, methyl
cthyl ketone and methyl 1sobutyl ketone, aliphatic or aro-
matic hydrocarbon solvents such as toluene, xylene and
cyclohexane, alcohol solvents such as 1sopropyl alcohol and
cthylene glycol monomethyl ether, and ether solvents such
as diethyl ether, dioxane, and tetrahydrofuran. These sol-
vents may be used alone or in admixture of two or more.
Further, any of well-known molecular weight modifiers such
as dodecylmercaptan may be used in the polymerization
system.

The temperature of polymerization reaction varies in
accordance with the identity of polymerization initiator and
the boiling point of the solvent although it 1s often preferably
in the range of about 20 to 200° C., and especially about 50
to 140° C. Any desired reactor or vessel may be used for the

polymerization reaction.

From the solution or dispersion of the polymer thus
obtained, the organic solvent or water serving as the reaction
medium 1s removed by any of well-known techniques.
Suitable techniques include, for example, re-precipitation
followed by filtration, and heat distillation under vacuum.

Desirably the polymer has a weight average molecular
weight of about 1,000 to about 500,000, and especially about
2,000 to about 100,000.

The inventive polymer can be represented by the formula:

_(Ul)ul_([-jz)zﬁ_ (UB)HB_

wherein Ul represents units of formula (1), (2a) or (2Zb) or
units having substituent groups of formula (3), U2 repre-
sents units of formula (4-1) to (4-5), and U3 represents
adhesive and other units. Provided ul +u2+u3=u, ul, u2 and
u3 preferably fall in the range:

O<ul/u=0.5, more preferably 0.1=ul/u=0.3,
O<u2/u=0.9, more preferably 0.2=u2/u=0.8, and
0=u3/u=0.7, more preferably 0=u3/u=0.5.
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The polymer of the invention can be used as a base resin
in resist compositions, specifically chemical amplification

type resist compositions, and especially chemical amplifi-
cation type positive working resist compositions. It 1s under-
stood that the polymer of the invention may be admixed with
another polymer for the purpose of altering the dynamic
properties, thermal properties, alkali solubility and other
physical properties of polymer film. The type of the other
polymer which can be admixed i1s not critical. Any of
polymers known to be usetul 1n resist use may be admixed
in any desired proportion.

Resist Composition

As long as the polymer of the invention 1s used as a base
resin, the resist composition of the mvention may be pre-
pared using well-known components. In a preferred embodi-
ment, the chemically amplified positive resist composition 1s
defined as comprising (A) the above-defined polymer as a
base resin, (B) an organic solvent, and (C) a photoacid
generator. In the resist composition, there may be further
formulated (D) a basic compound and/or (E) a dissolution
inhibitor.

Component (B)

The organic solvent used as component (B) 1n the imven-
tion may be any organic solvent in which the base resin,
photoacid generator, and other components are soluble.
[lustrative, non-limiting, examples of the organic solvent
include ketones such as cyclohexanone and methyl-2-n-
amylketone; alcohols such as 3-methoxybutanol, 3-methyl-
3-methoxybutanol, 1-methoxy-2-propanol, and 1-ethoxy-2-
propanol; ethers such as propylene glycol monomethyl
cther, ethylene glycol monomethyl ether, propylene glycol
monoethyl ether, ethylene glycol monoethyl ether, propy-
lene glycol dimethyl ether, and diethylene glycol dimethyl
cther; esters such as propylene glycol monomethyl ether
acetate, propylene glycol monoethyl ether acetate, ethyl
lactate, ethyl pyruvate, butyl acetate, methyl 3-methoxypro-
pionate, ethyl 3-ethoxypropionate, tert-butyl acetate, tert-
butyl propionate, and propylene glycol mono-tert-butyl
cther acetate; and lactones such as y-butyrolactone.

These solvents may be used alone or in combinations of
two or more thereof. Of the above organic solvents, pre-
terred are diethylene glycol dimethyl ether and 1-ethoxy-2-
propanol, 1n which the photoacid generator 1s most soluble,
and propylene glycol monomethyl ether acetate which 1s
safe, and mixtures thereof.

The solvent 1s preferably used 1n an amount of about 300
to 10,000 parts by weight, more preferably about 500 to
5,000 parts by weight per 100 parts by weight of the base
resin.

Component (C)

The photoacid generator 1s a compound capable of gen-
erating an acid upon exposure to high energy radiation or
clectron beams and includes the following:

(1) omium salts of the formula (Pla-1), (Pla-2) or (P1b),
(11) diazomethane derivatives of the formula (P2),

(111) glyoxime derivatives of the formula (P3),

(1v) bissulfone derivatives of the formula (P4),

(v) sultonic acid esters of N-hydroxyimide compounds of
the formula (P5),

(v1) p-ketosulionic acid derivatives,

(vi1) disulifone derivatives,

(vii1) nitrobenzylsulionate derivatives, and
(1x) sulfonate derivatives.
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These photoacid generators are described in detail.
(1) Onium salts of formula (Pla-1), (Pla-2) or (P1b):

(Pla-1)
R]Ulb
Rlﬂla Is{-l: R]Ul-::
(P1a-2)
Rlﬂla I-l- R]Ol-::
K-

Herein, R'%'%, R'°'” and R'°'“ independently represent
straight, branched or cyclic alkyl, alkenyl, oxoalkyl or
oxoalkenyl groups of 1 to 12 carbon atoms, aryl groups of
6 to 20 carbon atoms, or aralkyl or aryloxoalkyl groups of
7 to 12 carbon atoms, wherein some or all of the hydrogen
atoms may be replaced by alkoxy or other groups. Also,
R''? and R'°'¢, taken together, may form a ring. R*°'? and
R '€ each are alkylene groups of 1 to 6 carbon atoms when
they form a ring. K™ 1s a non-nucleophilic counter 1on.

R'®t R and R'°'“ may be the same or different and
are 1llustrated below. Exemplary alkyl groups include
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-
butyl, pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclopropylmethyl, 4-methylcyclohexyl,
cyclohexylmethyl, norbornyl, and adamantyl. Exemplary
alkenyl groups include vinyl, allyl, propenyl, butenyl, hex-
enyl, and cyclohexenyl. Exemplary oxoalkyl groups include
2-oxocyclopentyl and 2-oxocyclohexyl as well as 2-oxopro-
pyl, 2-cyclopentyl-2-oxoethyl, 2-cyclohexyl-2-oxoethyl,
and 2-(4-methylcyclohexyl)-2-oxoethyl. Exemplary aryl
groups include phenyl and naphthyl; alkoxyphenyl groups
such as p-methoxyphenyl, m-methoxyphenyl, o-methox-
yphenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m-tert-
butoxyphenyl; alkylphenyl groups such as 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, ethylphenyl, 4-tert-bu-
tylphenyl, 4-butylphenyl, and dimethylphenyl; alkylnaph-
thyl groups such as methylnaphthyl and ethylnaphthyl;
alkoxynaphthyl groups such as methoxynaphthyl and ethox-
ynaphthyl; dialkylnaphthyl groups such as dimethylnaphthyl
and diethylnaphthyl; and dialkoxynaphthyl groups such as
dimethoxynaphthyl and diethoxynaphthyl. Exemplary
aralkyl groups include benzyl, phenylethyl, and phenethyl.
Exemplary aryloxoalkyl groups are 2-aryl-2-oxoethyl
groups such as 2-phenyl-2-oxoethyl, 2-(1-naphthyl)-2-oxo-
cthyl, and 2-(2-naphthyl)-2-oxoethyl. Examples of the non-
nucleophilic counter 1on represented by K™ include halide
ions such as chloride and bromide 1ons, fluoroalkylsulionate
1ons such as triflate, 1,1,1-trifluoroethanesulfonate, and non-
afluorobutanesulfonate, arylsulfonate 1ons such as tosylate,
benzenesulionate, 4-fluorobenzenesulfonate, and 1,2,3,4,5-
pentafluorobenzene-sulfonate, and alkylsulfonate 10ns such
as mesylate and butanesulifonate.

(P1b)

R]OZ& Rlﬂzb

Rl 04a S-|- R103_ S+_Rlﬂ4b
K- K’

Herein, R'%*% and R'°?? independently represent straight,
branched or cyclic alkyl groups of 1 to 8 carbon atoms. R*°"
represents a straight, branched or cyclic alkylene groups of
1 to 10 carbon atoms. R'%** and R'°** independently rep-
resent 2-oxoalkyl groups of 3 to 7 carbon atoms. K™ 1s a
non-nucleophilic counter 10n.
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Illustrative of the groups represented by R'°** and
are methyl, ethyl, propyl, 1sopropyl, n-butyl, sec-butyl,
tert-butyl, pentyl, hexyl, heptyl, octyl, cyclopentyl, cyclo-
hexyl, cyclopropylmethyl, 4-methylcyclohexyl, and cyclo-
hexylmethyl. Illustrative of the groups represented by R'°"
are methylene, ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, 1,4-cyclohexylene,
1,2-cyclohexylene, 1,3-cyclopentylene, 1,4-cyclooctylene,
and 1,4-cyclohexanedimethylene. Illustrative of the groups
represented by and R'°*” are 2-oxopropyl, 2-oxocy-
clopentyl, 2-oxocyclohexyl, and 2-oxocycloheptyl. Illustra-
tive examples of the counter 1ion represented by K™ are the
same as exemplified for formulae (Pla-1) and (Pla-2).

1024
R

Rl Od ez

(11) Diazomethane dernivatives of formula (P2)

(P2)
N>
|

R!—850,—C—80,—R!"*

Herein, R'®> and R'°° independently represent straight,
branched or cyclic alkyl or halogenated alkyl groups of 1 to
12 carbon atoms, aryl or halogenated aryl groups of 6 to 20
carbon atoms, or aralkyl groups of 7 to 12 carbon atoms.

Of the groups represented by R'® and R'°, exemplary
alkyl groups include methyl, ethyl, propyl, 1sopropyl, n-bu-
tyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, amyl,
cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, and ada-
mantyl. Exemplary halogenated alkyl groups include trif-
luoromethyl, 1,1,1-trifluoroethyl, 1,1,1-trichloroethyl, and
nonafluorobutyl. Exemplary aryl groups include phenyl;
alkoxyphenyl groups such as p-methoxyphenyl, m-methox-
yphenyl, o-methoxyphenyl, ethoxyphenyl, p-tert-butox-
yphenyl, and m-tert-butoxyphenyl; and alkylphenyl groups
such as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
cthylphenyl, 4-tert-butylphenyl, 4-butylphenyl, and dimeth-
ylphenyl. Exemplary halogenated aryl groups include fluo-
rophenyl, chlorophenyl, and 1,2,3.4,5-pentatluorophenyl.
Exemplary aralkyl groups include benzyl and phenethyl.

(111) Glyoxime denivatives of formula (P3)

(P3)
R108 1109

RY—80,—0—N=C—C=N—0—80,—R'’

Herein, R'™’, R'®®, and R'" independently represent
straight, branched or cyclic alkyl or halogenated alkyl
groups of 1 to 12 carbon atoms, aryl or halogenated aryl
groups ol 6 to 20 carbon atoms, or aralkyl groups of 7 to 12
carbon atoms. Also, R'°® and R'%”, taken together, may form
a ring. R'"”® and R'"” each are straight or branched alkylene
groups of 1 to 6 carbon atoms when they form a ring.

Ilustrative examples of the alkyl, halogenated alkyl, aryl,
halogenated aryl, and aralkyl groups represented by R'%’,
R'™®, and R'"” are the same as exemplified for R'®> and
R'°°. Examples of the alkylene groups represented by R'®®
and R'%” include methylene, ethylene, propylene, butylene,
and hexylene.
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(1v) Bissulfone derivatives of formula (P4)

(P4)

Herein, R'°'“ and R'°'? are as defined above.

(v) Sultonic acid esters of N-hydroxyimide compounds of
formula (P5)

(P5)
O

A

Rllﬂ

Y

O

N—O0—S0,—R!!"!

Herein, R''® is an arylene group of 6 to 10 carbon atoms,
alkylene group of 1 to 6 carbon atoms, or alkenylene group
of 2 to 6 carbon atoms wherein some or all of the hydrogen
atoms may be replaced by straight or branched alkyl or
alkoxy groups of 1 to 4 carbon atoms, nitro, acetyl, or phenyl
groups. R''! is a straight, branched or cyclic alkyl group of
1 to 8 carbon atoms, alkenyl, alkoxyalkyl, phenyl or naph-
thyl group wherein some or all of the hydrogen atoms may
be replaced by alkyl or alkoxy groups of 1 to 4 carbon atoms,
phenyl groups (which may have substituted thereon an alkyl
or alkoxy of 1 to 4 carbon atoms, nitro, or acetyl group),
hetero-aromatic groups of 3 to 5 carbon atoms, or chlorine
or fluorine atoms.

Of the groups represented by R''®, exemplary arylene
groups include 1,2-phenylene and 1,8-naphthylene; exem-
plary alkylene groups include methylene, ethylene, trimeth-
ylene, tetramethylene, phenylethylene, and norbornane-2,3-
diyl; and exemplary alkenylene groups include 1,2-vinylene,
1-phenyl-1,2-vinylene, and 5-norbornene-2,3-diyl. Of the
groups represented by R''"', exemplary alkyl groups are as
exemplified for R'°'? to R'°'°; exemplary alkenyl groups
include vinyl, 1-propenyl, allyl, 1-butenyl, 3-butenyl, 1so-
prenyl, 1-pentenyl, 3-pentenyl, 4-pentenyl, dimethylallyl,
1-hexenyl, 3-hexenyl, 5-hexenyl, 1-heptenyl, 3-heptenyl,
6-heptenyl, and 7-octenyl; and exemplary alkoxyalkyl
groups include methoxymethyl, ethoxymethyl, propoxym-
cthyl, butoxymethyl, pentyloxymethyl, hexyloxymethyl,
heptyloxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl,
butoxyethyl, pentyloxyethyl, hexyloxyethyl, methoxypro-
pyl, ethoxypropyl, propoxypropyl, butoxypropyl, methoxy-
butyl, ethoxybutyl, propoxybutyl, methoxypentyl, ethoxy-
pentyl, methoxyhexyl, and methoxyheptyl.

Of the substituents on these groups, the alkyl groups of 1
to 4 carbon atoms include methyl, ethyl, propyl, 1sopropyl,
n-butyl, 1sobutyl and tert-butyl; the alkoxy groups of 1 to 4
carbon atoms include methoxy, ethoxy, propoxy, isopro-
poxy, n-butoxy, 1sobutoxy, and tert-butoxy; the phenyl
groups which may have substituted thereon an alkyl or
alkoxy of 1 to 4 carbon atoms, nitro, or acetyl group include
phenyl, tolyl, p-tert-butoxyphenyl, p-acetylphenyl and p-ni-
trophenyl; the hetero-aromatic groups of 3 to 5 carbon atoms
include pyridyl and furyl.
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Ilustrative examples of the photoacid generator include:

onium salts such as diphenyliodonium trifluoromethane-
sulfonate, (p-tert-butoxyphenyl)phenyliodonium trifluo-
romethanesulionate, diphenyliodonium p-toluenesulionate,
(p-tert-butoxyphenyl)phenyliodonium  p-toluenesulionate,
triphenylsulfonium trifluoromethanesulfonate, (p-tert-bu-
toxyphenyl)diphenylsulfonium trifluoromethanesulfonate,
bis(p-tert-butoxyphenyl)phenylsulfonium trifluoromethane-
sulfonate,  tris(p-tert-butoxyphenyl)sulfontum  trifluo-
romethanesulionate, triphenylsulfonium p-toluenesulfonate,
(p-tert-butoxyphenyl)diphenylsulfonium p-toluene-
sulfonate, bis(p-tert-butoxyphenyl)phenylsulfonium p-tolu-
enesulionate, tris(p-tert-butoxyphenyl)sulfonium p-toluene-
sulfonate, triphenylsulfonium nonatluorobutanesulfonate,
triphenylsulfonium butanesulifonate, trimethylsulfonium tri-
fluoromethanesulionate, trimethylsulfonium p-toluene-
sulfonate,  cyclohexylmethyl(2-oxocyclohexyl)sulfonium
tritluoromethanesulionate, cyclohexylmethyl(2-oxocyclo-
hexyl)sulfontum p-toluenesulionate, dimethylphenylsulio-
nium tritfluoromethanesulionate, dimethylphenylsulfonium
p-toluenesulionate, dicyclohexylphenylsulfomum trifluo-
romethanesulfonate, dicyclohexylphenylsulfonium p-tolu-
enesulfonate,  trinaphthylsulfonium  trifluoromethane-
sulfonate,  cyclohexylmethyl(2-oxocyclohexyl)sulfonium
tritluoromethanesulionate, (2-norbornyl)methyl(2-oxocy-
clohexyl)sulfonium trifluvoromethanesulfonate, ethylenebis
[methyl(2-oxocyclopentyl)sulifonium trifluoromethane-
sulfonate], and 1,2'-
naphthylcarbonylmethyltetrahydrothiophenium tritlate;

diazomethane derivatives such as bis(benzenesulionyl)
diazomethane, bis(p-toluenesulionyl)diazomethane, bis(xy-
lenesulfonyl)diazomethane,  bis(cyclohexylsultonyl)diaz-
omethane, bis(cyclopentylsulionyl)diazomethane, bis(n-
butylsulfonyl)diazomethane, bis(isobutylsulionyl)
diazomethane, bis(sec-butylsulfonyl)diazomethane, bis(n-
propylsulfonyl)diazomethane, bis(isopropylsulionyl)
diazomethane, bis(tert-butylsulfonyl)diazomethane, bis(n-
amylsulfonyl)diazomethane, bis(isoamylsulionyl)
diazomethane, bis(sec-amylsulionyl)diazomethane, bis(tert-
amylsulfonyl)diazomethane, 1-cyclohexylsulfonyl-1-(tert-
butylsulionyl)diazomethane, 1-cyclohexylsulfonyl-1-(tert-
amylsulfonyl)diazomethane, and 1-tert-amylsulfonyl-1-
(tert-butylsulfonyl)diazomethane;

glyoxime derivatives such as bis-O-(p-toluenesulionyl)-
a-dimethylglyoxime,  bis-O-(p-toluenesulionyl)-o-diphe-
nylglyoxime, bis-O-(p-toluenesulionyl)-a-dicyclohexylgly-

0X1me, b1s-O-(p-toluenesulionyl)-2,3-
pentanedioneglyoxime, b1s-O-(p-toluenesulionyl)-2-
methyl-3,4-pentanedioneglyoxime, b1s-O-(n-
butanesulionyl)-o.-dimethylglyoxime, b1s-O-(n-
butanesulionyl)-o.-diphenylglyoxime, b1s-O-(n-
butanesulionyl)-o.-dicyclohexylglyoxime, b1s-O-(n-
butanesulionyl)-2,3-pentanedioneglyoxime, b1s-O-(n-
butanesulfonyl)-2-methyl-3.4-pentanedioneglyoxime, bis-
O-(methanesulfonyl)-a-dimethylglyoxime, b1s-O-

(trifluvoromethanesulionyl)-c.-dimethylglyoxime, bis-O-(1,

1,1-trifluoroethanesulfonyl)-a-dimethylglyoxime,  bis-O-
(tert-butanesulfonyl)-c-dimethylglyoxime, b1s-O-
(perfluorooctanesulionyl )-a-dimethylglyoxime, b1s-O-
(cyclohexanesulfonyl)-a-dimethylglyoxime, b1s-O-
(benzenesulionyl)-a.-dimethylglyoxime, b1s-O-(p-

fluorobenzenesulionyl)-o.-dimethylglyoxime, bis-O-(p-tert-
butylbenzenesulfonyl)-a.-dimethylglyoxime, b1s-O-
(xylenesulionyl )-a-dimethylglyoxime, and b1s-O-
(camphorsulionyl)-o-dimethylglyoxime;

bissulfone denivatives such as bisnaphthylsulfonyl-
methane, bistrifluoromethylsulfonylmethane, bismethylsul-
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fonylmethane, bisethylsulfonylmethane, bispropylsulifonyl-
methane, bisisopropylsulionylmethane, bis-p-
toluenesulifonylmethane, and bisbenzenesulfonylmethane;

B3-ketosulfone derivatives such as 2-cyclohexylcarbonyl-
2-(p-toluenesulifonyl)propane and 2-1sopropylcarbonyl-2-
(p-toluenesulionyl)propane;

nitrobenzyl sulfonate derivatives such as 2,6-dinitroben-
zyl p-toluenesulfonate and 2.4-dmitrobenzyl p-toluene-
sulfonate;

sulfonic acid ester derivatives such as 1,2,3-tris(methane-
sulfonyloxy)benzene, 1,2,3-tris(trifluoromethanesuliony-
loxy)benzene, and 1,2,3-tris(p-toluenesulionyloxy)benzene;
and

sulfonic acid esters of N-hydroxyimides such as N-hy-
droxysuccinimide methanesulifonate, N-hydroxysuccinim-
ide  trifluoromethanesulifonate, = N-hydroxysuccinimide
cthanesulfonate, N-hydroxysuccimmide 1 -propane-
sulfonate, = N-hydroxysuccinimide  2-propanesulionate,
N-hydroxysuccinimide 1-pentanesulfonate, N-hydroxysuc-
cinimide 1-octanesulionate, N-hydroxysuccinimide p-tolu-
enesulfonate, N-hydroxysuccinimide p-methoxybenzene-
sulfonate, N-hydroxysuccinimide 2-chloroethanesulionate,
N-hydroxysuccinimide benzenesulfonate, N-hydroxysuc-
cimmmide 2,4,6-trimethylbenzenesulionate, N-hydroxysuc-
cinimide 1-naphthalenesulfonate, N-hydroxysuccinimide
2-naphthalenesulfonate, N-hydroxy-2-phenylsuccinimide
methanesulionate, N-hydroxymaleimide methanesulfonate,
N-hydroxymaleimide ethanesulfonate, N-hydroxy-2-phe-
nylmaleimide methanesulionate, N-hydroxyglutarimide
methanesulionate, N-hydroxyglutarimide benzenesulionate,
N-hydroxyphthalimide methanesulifonate, N-hydroxyph-
thalimide benzenesulfonate, N-hydroxyphthalimide trifluo-
romethanesulionate, N-hydroxyphthalimide p-toluene-
sulfonate, = N-hydroxynaphthalimide methanesulionate,
N-hydroxynaphthalimide benzenesulfonate, N-hydroxy-5-
norbornene-2,3-dicarboxyimide methanesulfonate, N-hy-
droxy-5-norbornene-2,3-dicarboxyimide trifluoromethane-
sulfonate, and N-hydroxy-5-norbornene-2,3-
dicarboxyimide p-toluenesulifonate.

Preferred among these photoacid generators are onium
salts such as triphenylsultonium trifluoromethanesulfonate,
(p-tert-butoxyphenyl)diphenylsulionium trifluoromethane-
sulfonate,  tris(p-tert-butoxyphenyl)sulfonium  trifluo-
romethanesulionate, triphenylsulfonium p-toluenesulionate,
(p-tert-butoxyphenyl)diphenylsulionium p-toluene-
sulfonate, tris(p-tert-butoxyphenyl)sulfonium p-toluene-
sulfonate, trinaphthylsulfonium trifluoromethanesulionate,
cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluo-
romethanesulfonate, (2-norbornyl)methyl(2-oxocylohexyl)
sulfonium trifluoromethanesulionate, and 1,2'-naphthylcar-
bonylmethyltetrahydrothiophenium triflate; diazomethane
derivatives such as bis(benzenesulionyl)diazomethane, bis
(p-toluenesulionyl)diazomethane, bis(cyclohexylsulionyl)
diazomethane, bis(n-butylsulfonyl)diazomethane, bis(isobu-
tylsulfonyl)diazomethane, bis(sec-butylsulfonyl)
diazomethane, bis(n-propylsulfonyl)diazomethane, bis
(1sopropylsulionyl)diazomethane, and bis(tert-
butylsulfonyl)diazomethane; glyoxime derivatives such as
b1s-O-(p-toluenesulionyl)-o-dimethylglyoxime and bis-O-
(n-butanesulionyl)-o.-dimethylglyoxime; bissulfone deriva-
tives such as bisnaphthylsulifonylmethane; and sulfonic acid
esters of N-hydroxyimide compounds such as N-hydrox-
ysuccinimide methanesulfonate, N-hydroxysuccinimide tri-
fluoromethanesulifonate, N-hydroxysuccinimide 1-propane-
sulfonate, = N-hydroxysuccinimide  2-propanesulionate,
N-hydroxysuccinimide 1-pentanesulfonate, N-hydroxysuc-
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cinimide  p-toluenesulionate, N-hydroxynaphthalimide
methanesulfonate, and N-hydroxynaphthalimide benzene-
sulfonate.

These photoacid generators may be used singly or in
combinations of two or more thereol. Omum salts are
cllective for improving rectangularity, while diazomethane
derivatives and glyoxime derivatives are eflective for reduc-
ing standing waves. The combination of an onium salt with
a diazomethane or a glyoxime derivative allows for fine
adjustment of the profile.

The photoacid generator 1s added 1n an amount of 0.1 to
50 parts, and especially 0.5 to 40 parts by weight, per 100
parts by weight of the base resin (all parts are by weight,
heremnafter). Less than 0.1 part of the photoacid generator
may generate a less amount of acid upon exposure, some-
times leading to a poor sensitivity and resolution whereas
more than 50 parts of the photoacid generator may adversely
allect transparency and resolution.

Component (D)

The basic compound used as component (D) 1s preferably
a compound capable of suppressing the rate of diffusion
when the acid generated by the photoacid generator diffuses
within the resist film. The inclusion of this type of basic
compound holds down the rate of acid diffusion within the
resist film, resulting in better resolution. In addition, 1t
suppresses changes in sensitivity following exposure, thus
reducing substrate and environment dependence, as well as
improving the exposure latitude and the pattern profile.

Examples of suitable basic compounds include primary,
secondary, and tertiary aliphatic amines, mixed amines,
aromatic amines, heterocyclic amines, carboxyl group-bear-
ing nitrogenous compounds, sulfonyl group-bearing nitrog-
enous compounds, hydroxyl group-bearing nitrogenous
compounds, hydroxyphenyl group-bearing nitrogenous
compounds, alcoholic nitrogenous compounds, amide
derivatives, and 1mide derivatives.

Examples of suitable primary aliphatic amines include
ammonia, methylamine, ethylamine, n-propylamine, 1sopro-
pylamine, n-butylamine, 1so-butylamine, sec-butylamine,
tert-butylamine, pentylamine, tert-amylamine, cyclopenty-
lamine, hexylamine, cyclohexylamine, heptylamine, octy-
lamine, nonylamine, decylamine, dodecylamine, cety-
lamine, methylenediamine, cthylenediamine, and
tetracthylenepentamine. Examples of suitable secondary ali-
phatic amines 1nclude dimethylamine, diethylamine, di-n-
propylamine, di-iso-propylamine, di-n-butylamine, di-1so-
butylamine, di-sec-butylamine, dipentylamine,
dicyclopentylamine, dihexylamine, dicyclohexylamine,
diheptylamine, dioctylamine, dinonylamine, didecylamine,
didodecylamine, dicetylamine, N,N-dimethylmethylenedi-
amine, N,N-dimethylethylenediamine, and N,N-dimeth-
yltetracthylenepentamine. Examples of suitable tertiary ali-
phatic amines include trimethylamine, triethylamine, tri-n-
propylamine, tri-1so-propylamine, tri-n-butylamine, tri-1so-
butylamine, tri-sec-butylamine, tripentylamine,
tricyclopentylamine, trihexylamine, tricyclohexylamine, tri-
heptylamine, trioctylamine, trinonylamine, tridecylamine,
tridodecylamine, tricetylamine, N,N,N' N'-tetramethylmeth-
ylenediamine, N,N,N'.N'-tetramethylethylenediamine, and
N,N,N"N'-tetramethyltetracthylenepentamine.

Examples of suitable mixed amines include dimethylethy-
lamine, methylethylpropylamine, benzylamine, phenethy-
lamine, and benzyldimethylamine. Examples of suitable
aromatic amines include amline derivatives (e.g., aniline,
N-methylaniline, N-ethylaniline, N-propylaniline, N,N-dim-
cthylaniline, 2-methylaniline, 3-methylaniline, 4-methyla-
niline, ethylaniline, propylamline, trimethylaniline, 2-ni-
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troaniline, 3-nitroaniline, 4-nitroaniline, 2,4-dinitroaniline,
2,6-dmitroaniline, 3,5-diitroaniline, and N,N-dimethyl-
tolmdine), diphenyl(p-tolyl)amine, methyldiphenylamine,
triphenylamine, phenylenediamine, naphthylamine, and
diaminonaphthalene. Examples of swtable heterocyclic
amines 1nclude pyrrole derivatives (e.g., pyrrole, 2H-pyr-
role, 1-methylpyrrole, 2.,4-dimethylpyrrole, 2,5-dimeth-
ylpyrrole, and N-methylpyrrole), oxazole derivatives (e.g.,
oxazole and 1sooxazole), thiazole derivatives (e.g., thiazole
and 1sothiazole), imidazole derivatives (e.g., 1imidazole,
4-methylimidazole, and 4-methyl-2-phenylimidazole), pyra-
zole derivatives, furazan derivatives, pyrroline derivatives
(c.g., pyrroline and 2-methyl-1-pyrroline), pyrrolidine
derivatives (e.g., pyrrolidine, N-methylpyrrolidine, pyrroli-
dinone, and N-methylpyrrolidone), imidazoline derivatives,
imidazolidine derivatives, pyridine derivatives (e.g., pyri-
dine, methylpyridine, ethylpyridine, propylpynidine,
butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpyridine,
trimethylpynidine, triethylpyridine, phenylpynidine, 3-me-
thyl-2-phenylpyridine, 4-tert-butylpyridine, diphenylpyri-
dine, benzylpyridine, methoxypyridine, butoxypyndine,
dimethoxypyridine, 1-methyl-2-pyridine, 4-pyrrolidinopyri-
dine, 1-methyl-4-phenylpyridine, 2-(1-ethylpropyl)pyridine,
aminopyridine, and dimethylaminopyridine), pyridazine
derivatives, pyrimidine derivatives, pyrazine derivatives,
pyrazoline denivatives, pyrazolidine derivatives, piperidine
derivatives, piperazine derivatives, morpholine derivatives,
indole denivatives, 1soindole derivatives, 1H-indazole
derivatives, indoline derivatives, quinoline derivatives (e.g.,
quinoline and 3-quinolinecarbonitrile), 1soquinoline deriva-
tives, cinnoline dertvatives, quinazoline derivatives, qui-
noxaline derivatives, phthalazine derivatives, purine deriva-
tives, ptenidine denvatives, carbazole derivatives,
phenanthridine dernivatives, acridine derivatives, phenazine
derivatives, 1,10-phenanthroline derivatives, adenine
derivatives, adenosine derivatives, guanine derivatives, gua-
nosine derivatives, uracil derivatives, and uridine deriva-
tives.

Examples of suitable carboxyl group-bearing nitrogenous
compounds 1include aminobenzoic acid, idolecarboxylic
acid, and amino acid derivatives (e.g., nicotinic acid, ala-
nine, alginine, aspartic acid, glutamic acid, glycine, histi-
dine, 1soleucine, glycylleucine, leucine, methionine, pheny-
lalanine, threonine, lysine, 3-aminopyrazine-2-carboxylic
acid, and methoxyalanine).

Examples of suitable sulfonyl group-bearing nitrogenous
compounds include 3-pyrnidinesulionic acid and pyridinium
p-toluenesulionate.

Examples of suitable hydroxyl group-bearing nitrogenous
compounds, hydroxyphenyl group-bearing mnitrogenous
compounds, and alcoholic mitrogenous compounds 1nclude
2-hydroxypyridine, aminocresol, 2.,4-quinolinediol, 3-in-
dolemethanol hydrate, monoethanolamine, diethanolamine,
triethanolamine, N-ethyldiethanolamine, N,N-diethyletha-
nolamine, tritsopropanolamine, 2,2'-iminodiethanol, 2-ami-
noethanol, 3-amino-1-propanol, 4-amino-1-butanol, 4-(2-
hydroxyethyl )morpholine, 2-(2-hydroxyethyl)pyridine,
1-(2-hydroxyethyl)piperazine, 1-[2-(2-hydroxyethoxy)
cthyl]piperazine, piperidine ethanol, 1-(2-hydroxyethyl)pyr-
rolidine, 1-(2-hydroxyethyl)-2-pyrrolidinone, 3-piperidino-
1,2-propanediol, 3-pyrrolidinol,2-propanediol,
8-hydroxyjulolidine, 3-quinuclidinol, 3-tropanol, 1-methyl-
2-pyrrolidine ethanol, 1-aziridine ethanol, N-(2-hydroxy-
cthyl)phthalimide, and N-(2-hydroxyethyl)isonicotinamide.

Examples of suitable amide derivatives include forma-
mide, N-methylformamide, N,N-dimethylformamide, aceta-
mide, N-methylacetamide, N,N-dimethylacetamide, propi-
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onamide, and benzamide. Suitable imide derivatives include
phthalimide, succinimide, and maleimide.

In addition, basic compounds of the following general
formula (B)-1 may also be included alone or in admixture.

(B)-1

(X)n
/
N

\
(Y)3.n

In the formulas, n 1s 1, 2 or 3. The side chain X may be
the same or different and 1s represented by the formula
(X)-1, (X)-2 or (X)-3. The side chain Y may be the same or
different and stands for hydrogen or a straight, branched or
cyclic alkyl group of 1 to 20 carbon atoms which may
contain an ether or hydroxyl group. Two or three X’s may
bond together to form a ring.

_RBDD O RSDI (X)-l

(X)-2

_RSDZ_O_RSDS R304

(X)-3
O

_RSGS H O_R306

In the formulas, R*°°, R°°? and R*"> are independently
straight or branched alkylene groups of 1 to 4 carbon atoms;
R*°' and R’°* are independently hydrogen, straight,
branched or cyclic alkyl groups of 1 to 20 carbon atoms,
which may contain at least one hydroxyl group, ether, ester
or lactone ring; and R>" is a single bond or a straight or
branched alkylene group of 1 to 4 carbon atoms; and R>“° is
a straight, branched or cyclic alkyl group of 1 to 20 carbon
atoms, which may contain at least one hydroxyl group, ether,
ester or lactone ring.

[llustrative, non-limiting examples of the compounds of
formula (B)-1 include tris(2-methoxymethoxyethyl)amine,
tris{2-(2-methoxyethoxy)ethyl famine, tris{2-(2-methoxy-
ethoxymethoxy )ethyl }amine, tris{2-(1-methoxyethoxy)
ethyl }amine, tris{2-(1-ethoxyethoxy)ethyl }amine, tris{2-
(1-ethoxypropoxy )ethyl }amine, tris[2-{2-(2-
hydroxyethoxy )ethoxy }ethylJamine, 4,7,13,16,21,24-
hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane,  4,7,13,18-
tetraoxa-1,10-diazabicyclo[8.5.5]eicosane, 1,4,10,13-
tetraoxa-7,16-diazabicyclooctadecane, 1-aza-12-crown-4,
1-aza-15-crown-5, 1-aza-18-crown-6, tris(2-formyloxy-
cthyl)amine, tris(2-acetoxyethyl)amine, tris(2-propiony-
loxyethyl)amine, tris(2-butyryloxyethyl)amine, tris(2-1sobu-
tyryloxyethyl)amine, tris(2-valeryloxyethyl)amine, tris(2-
pivaloyloxyethyl)amine, N,N-b1s(2-acetoxyethyl)-2-
(acetoxyacetoxy )ethylamine, tris(2-
methoxycarbonyloxyethyl )Jamine, tris(2-tert-
butoxycarbonyloxyethyl )Jamine, tris[2-(2-oxopropoxy)
cthyl Jamine, tris[ 2-(methoxycarbonylmethyl)oxyethyl]
amine, tris|2-(tert-butoxycarbonylmethyloxy)ethyl]amine,
tris[2-(cyclohexyloxycarbonylmethyloxy)ethyl]amine, tris
(2-methoxycarbonylethyl)amine, tris(2-ethoxycarbonyl-
cthyl)amine, N,N-bis(2-hydroxyethyl)-2-(methoxycarbo-
nyl)ethylamine, N,N-bis(2-acetoxyethyl)-2-
(methoxycarbonyl)ethylamine, N,N-bis(2-hydroxyethyl)-2-
(ethoxycarbonyl)ethylamine, = N,N-bis(2-acetoxyethyl)-2-
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(ethoxycarbonyl)ethylamine, N,N-bis(2-hydroxyethyl)-2-
(2-methoxyethoxycarbonyl)ethylamine, N,N-bis(2-
acetoxyethyl)-2-(2-methoxyethoxycarbonyl))ethylamine,
N,N-bis(2-hydroxyethyl)-2-(2-hydroxyethoxycarbonyl)
cthylamine, N,N-bis(2-acetoxyethyl)-2-(2-acetoxyethoxy-
carbonyl)ethylamine, N,N-bis(2-hydroxyethyl)-2-[(meth-
oxycarbonyl)methoxycarbonyl]ethylamine, N,N-bis(2-
acetoxyethyl)-2-[ (methoxycarbonyl)methoxycarbonyl]
cthylamine, N,N-b1s(2-hydroxyethyl)-2-(2-
oxopropoxycarbonyl)ethylamine, N,N-bis(2-acetoxyethyl)-
2-(2-oxopropoxycarbonyl)ethylamine, N,N-bis(2-
hydroxyethyl)-2-(tetrahydrofurfuryloxycarbonyl)
cthylamine, N,N-bis(2-acetoxyethyl)-2-
(tetrahydrofurfuryloxycarbonyl)ethylamine, IN,N-bis(2-
hydroxvyethyl)-2-[(2-oxotetrahydrofuran-3-yl)oxycarbonyl]
cthylamine, N,N-bis(2-acetoxyethyl)-2-[(2-
oxotetrahydrofuran-3-yl)oxycarbonyl]ethylamine, N,N-bis
(2-hydroxyethyl)-2-(4-hydroxy-butoxycarbonyl)
cthylamine, N,N-b1s(2-formyloxyethyl)-2-(4-
formyloxybutoxycarbonyl)ethylamine, N,N-bis(2-
tformyloxyethyl)-2-(2-formyloxyethoxycarbonyl)
cthylamine, N,N-b1s(2-methoxyethyl)-2-(methoxycarbonyl)
cthylamine, N-(2-hydroxyethyl)-bis[2-(methoxycarbonyl)
cthyl]amine, N-(2-acetoxyethyl)-bis[2-(methoxycarbonyl)
cthyllamine,  N-(2-hydroxyethyl)-bis[2-(ethoxycarbonyl)
cthyl]amine, N-(2-acetoxyethyl)-bis[ 2-(ethoxycarbonyl)
cthyl]amine, N-(3-hydroxy-1-propyl)-bis|2-
(methoxycarbonyl)ethyl]amine, N-(3-acetoxy-1-propyl)-bis
| 2-(methoxycarbonyl)ethyl]amine, N-(2-methoxyethyl)-bis
[ 2-(methoxycarbonyl)ethyl]amine, N-butyl-bis[2-
(methoxycarbonyl)ethyl Jamine, N-butyl-bis| 2-(2-
methoxyethoxycarbonyl)ethyl]amine, N-methyl-bis(2-
acetoxyethyl)amine, N-ethyl-bis(2-acetoxyethyl)amine,
N-methyl-bis(2-pivaloyloxyethyl Jamine, N-ethyl-bis|2-
(methoxycarbonyloxy)ethylJamine, N-ethyl-bis[2-(tert-bu-
toxycarbonyloxy)ethyl]amine, tris(methoxycarbonylmethy-
Damine, tris(ethoxycarbonylmethyl)amine, N-butyl-bis
(methoxycarbonylmethyl)amine, N-hexyl-bis
(methoxycarbonylmethyl)amine, and [3-(diethylamino)-o-
valerolactone.

Also useful are one or more of cyclic structure-bearing
basic compounds having the following general formula

(B)-2.

(B)-2

()

R3 07 N—X

\_/

Herein X is as defined above, and R’"’ is a straight or
branched alkylene group of 2 to 20 carbon atoms which may
contain one or more carbonyl, ether, ester or sulfide groups.

[lustrative examples of the cyclic structure-bearing basic
compounds having formula (B)-2 include 1-[2-(meth-
oxymethoxy)ethyl|pyrrolidine, 1-[2-(methoxymethoxy)
cthyl]piperidine, 4-[2-(methoxymethoxy)ethyl]morpholine,
1-[2-[(2-methoxyethoxy )methoxy]ethyl|pyrrolidine, 1-[2-
[ (2-methoxyethoxy )methoxy]ethyl]pipendine, 4-12-[(2-
methoxyethoxy)methoxy]ethyl jmorpholine, 2-(1-pyrrolidi-
nyl)ethyl acetate, 2-piperidinoethyl acetate,
2-morpholinoethyl acetate, 2-(1-pyrrolidinyl)ethyl formate,
2-piperidinoethyl propionate, 2-morpholinoethyl acetoxyac-
ctate, 2-(1-pyrrolidinyl)ethyl methoxyacetate, 4-[2-(meth-
oxycarbonyloxy)ethyl morpholine, 1-[2-(t-butoxycarbony-
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loxy)ethyl]piperidine, 4-[2-(2-methoxyethoxycarbonyloxy)
cthylJmorpholine, methyl 3-(1-pyrrolidinyl)propionate,
methyl 3-piperidinopropionate, methyl 3-morpholinopropi-
onate, methyl 3-(thiomorpholino)propionate, methyl 2-me-
thyl-3-(1-pyrrolidinyl)propionate, ethyl 3-morpholinopropi-
onate, methoxycarbonylmethyl 3-piperidinopropionate,
2-hydroxyethyl 3-(1-pyrrolidinyl)propionate, 2-acetoxy-
cthyl 3-morpholinopropionate, 2-oxotetrahydrofuran-3-yl
3-(1-pyrrolidinyl)propionate, tetrahydrofurfuryl 3-mor-
pholinopropionate, glycidyl 3-piperidinopropionate,
2-methoxyethyl 3-morpholinopropionate, 2-(2-methoxy-
cthoxy)ethyl 3-(1-pyrrolidinyl)propionate, butyl 3-mor-
pholinopropionate, cyclohexyl 3-piperidinopropionate,
a.-(1-pyrrolidinyl)methyl-y-butyrolactone, [-piperidino-y-
butyrolactone, 3-morpholino-6-valerolactone, methyl 1-pyr-
rolidinylacetate, methyl piperidinoacetate, methyl morpholi-
noacetate, methyl thiomorpholinoacetate, cthyl
1-pyrrolidinylacetate, and 2-methoxyethyl morpholinoac-
ctate.

Also, one or more of cyano-bearing basic compounds
having the following general formulae (B)-3 to (B)-6 may be

blended.

(B)-3
(X)3-11

(RP—=CN),
(B)-4

D

R3U? N_R308_ CN

C

(B)-3
(X)3-11

(R308 O _R309_ CN)H

(B)-6

).

R3 07

N_R308 H O_R309_CN

O

C

H%ein,, X, R?Y7 and n are as defined above, and R>°® and

R each are mmdependently a straight or branched alkylene
group of 1 to 4 carbon atoms.

[lustrative examples of the cyano-bearing basic com-
pounds include 3-(diethylamino )propiononitrile, N,N-bis(2-
hydroxyethyl)-3-aminopropiononitrile, N,N-bis(2-acetoxy-
cthyl)-3-aminopropiononitrile, N,N-bis(2-formyloxyethyl)-
3-aminopropiononitrile, N,N-bis(2-methoxyethyl)-3-
aminopropiononitrile, N,N-bis[2-(methoxymethoxy)ethyl]-
3-aminopropiononitrile, methyl N-(2-cyanoethyl)-N-(2-
methoxyethyl)-3-aminopropionate, methyl N-(2-
cyanoethyl)-N-(2-hydroxyethyl)-3-aminopropionate,
methyl  N-(2-acetoxyethyl)-N-(2-cyanoethyl)-3-aminopro-
pionate, N-(2-cyanoethyl)-N-ethyl-3-aminopropiononitrile,
N-(2-cyanoethyl)-N-(2-hydroxyethyl)-3-aminopropiononi-
trile, N-(2-acetoxyethyl)-N-(2-cyanoethyl)-3-aminopropi-
ononitrile, N-(2-cyanoethyl)-N-(2-formyloxyethyl)-3-ami-
nopropiononitrile, N-(2-cyanoethyl)-N-(2-methoxyethyl)-3-
aminopropiononitrile, N-(2-cyanoethyl)-N-[2-
(methoxymethoxy)ethyl]-3-aminopropiononitrile, N-(2-
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cyanoethyl)-N-(3-hydroxy-1-propyl)-3-
aminopropiononitrile, N-(3-acetoxy-1-propyl)-N-(2-
cyanoethyl)-3-aminopropiononitrile, N-(2-cyanoethyl)-N-
(3-formyloxy-1-propyl)-3-aminopropiononitrile, N-(2-
cyanoethyl)-N-tetrahydrofurturyl-3-aminopropiononitrile,
N,N-bis(2-cyanoethyl)-3-aminopropiononitrile, diethylami-
noacetonitrile, N,N-bis(2-hydroxyethyl)aminoacetonitrile,
N,N-bis(2-acetoxyethyl)aminoacetonitrile, N,N-bis(2-
tformyloxyethyl)aminoacetonitrile, N,N-b1s(2-methoxy-
cthyl)aminoacetonitrile, N,N-bis[2-(methoxymethoxy)
cthyl]aminoacetonitrile, methyl N-cyanomethyl-N-(2-
methoxyethyl)-3-aminopropionate, methyl N-cyanomethyl-
N-(2-hydroxyethyl)-3-aminopropionate, methyl  N-(2-
acetoxyethyl)-N-cyanomethyl-3-aminopropionate,
N-cyanomethyl-N-(2-hydroxyethyl)aminoacetonitrile,
N-(2-acetoxyethyl)-N-(cyanomethyl Jaminoacetonitrile,
N-cyanomethyl-N-(2-formyloxyethyl)aminoacetonaitrile,
N-cyanomethyl-N-(2-methoxyethyl)aminoacetonitrile,
N-cyanomethyl-N-[2-(methoxymethoxy )ethyl]aminoaceto-
nitrile, N-cyanomethyl-N-(3-hydroxy-1-propyl)aminoaceto-
nitrile, N-(3-acetoxy-1-propyl)-N-(cyanomethyl)aminoac-
ctonitrile, N-cyanomethyl-N-(3-formyloxy-1-propyl)
aminoacetonitrile, N,N-bis(cyanomethyl)aminoacetonitril
1 -pyrrolidinepropiononitrile,  1-piperidinepropiononitril
4-morpholinepropiononitrile, 1 -pyrrolidineacetonitril
1 -piperidineacetonitrile, 4-morpholineacetonitrile, cyanom-
cthyl 3-diethylaminopropionate, cyanomethyl N,N-bis(2-
hydroxyethyl)-3-aminopropionate, cyanomethyl N,N-bis(2-
acetoxyethyl)-3-aminopropionate, cyanomethyl N,N-bis(2-
formyloxyethyl)-3-aminopropionate, cyanomethyl N,N-bis
(2-methoxyethyl)-3-aminopropionate, cyanomethyl N,N-bis
[ 2-(methoxymethoxy)ethyl]-3-aminopropionate,
2-cyanoethyl 3-diethylaminopropionate, 2-cyanoethyl N,N-
bis(2-hydroxyethyl)-3-aminopropionate, 2-cyanoethyl N,N-
bis(2-acetoxyethyl)-3-aminopropionate, 2-cyanoethyl N,N-
bis(2-formyloxyethyl)-3-aminopropionate,  2-cyanoethyl
N,N-bis(2-methoxyethyl)-3-aminopropionate, 2-cyanoethyl
N,N-bis[2-(methoxymethoxy)ethyl]-3-aminopropionate,
cyanomethyl 1-pyrrolidinepropionate, cyanomethyl 1-pip-
eridinepropionate, cyanomethyl 4-morpholinepropionate,
2-cyanoethyl 1-pyrrolidinepropionate, 2-cyanoethyl 1-pip-
eridinepropionate, and 2-cyanoethyl 4-morpholinepropi-
onate.

These basic compounds may be used alone or 1n admix-
ture of any. The basic compound 1s preferably formulated in
an amount of 0.001 to 2 parts, and especially 0.01 to 1 part
by weight, per 100 parts by weight of the base resin. Less
than 0.001 part of the basic compound may fail to achieve
the desired eflects thereol, while the use of more than 2 parts
would result 1n too low a sensitivity.

Component (E)

The dissolution mmhibitor (E) 1s preferably selected from
compounds possessing a weight average molecular weight
of 100 to 1,000 and having on the molecule at least two
phenolic hydroxyl groups, 1n which an average of from 10
to 100 mol % of all the hydrogen atoms on the phenolic
hydroxyl groups are replaced with acid labile groups.

[lustrative, non-limiting, examples of the dissolution
inhibitor (E) which are useful herein include bis(4-(2'-
tetrahydropyranyloxy)phenyl)methane,  bis(4-(2'-tetrahy-
drofuranyloxy)phenyl)methane,  bis(4-tert-butoxyphenyl)
methane, bis(4-tert-butoxycarbonyloxyphenyl)methane, bis
(4-tert-butoxycarbonylmethyloxyphenyl)methane, bis(4-(1'-
cthoxyethoxy)phenyl)methane, bis(4-(1'-ethoxypropyloxy)
phenyl)methane, 2,2-bi1s(4'-(2"-tetrahydropyranyloxy))
propane, 2,2-bis(4'-(2"-tetrahydrofuranyloxy)phenyl )
propane, 2,2-bis(4'-tert-butoxyphenyl)propane, 2,2-bis(4'-
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tert-butoxycarbonyloxyphenyl)propane,
toxycarbonylmethyloxyphenyl)propane, 2,2-bis(4'-(1"-
cthoxyethoxy)phenyl)propane, 2,2-bis(4'-(1"-
cthoxypropyloxy)phenyl)propane, tert-butyl 4.,4-bis(4'-(2"-
tetrahydropyranyloxy)phenyl)valerate, tert-butyl 4,4-bis(4'-
(2"-tetrahydrofuranyloxy)phenyl)valerate, tert-butyl 4,4-bis
(4'-tert-butoxyphenyl)valerate, tert-butyl 4,4-bis(4-tert-
butoxycarbonyloxyphenyl)valerate, tert-butyl 4,4-bis(4'-
tert-butoxycarbonylmethyloxyphenyl)valerate,  tert-butyl
4.4-bi1s(4'-(1"-ethoxyethoxy)phenyl)valerate, tert-butyl 4,4-
bis(4'-(1"-ethoxypropyloxy)phenyl)valerate, tris(4-(2'-tet-
rahydropyranyloxy)phenyl)methane, tris(4-(2'-tetrahydro-
furanyloxy)phenyl)methane, tris(4-tert-butoxyphenyl)
methane, tris(4-tert-butoxycarbonyloxyphenyl)methane, tris
(4-tert-butoxycarbonyloxymethylphenyl )methane,  tris(4-
(1'-ethoxyethoxy)phenyl)methane, tris(4-(1'-
cthoxypropyloxy)phenyl)methane, 1,1,2-tr1s(4'-(2"-
tetrahydropyranyloxy )phenyl)ethane, 1,1,2-tr1s(4'-(2"-
tetrahydrofuranyloxy)phenyl)ethane, 1,1,2-tris(4'-tert-
butoxyphenyl)ethane, 1,1,2-tr1s(4'-tert-
butoxycarbonyloxyphenyl)ethane, 1,1,2-tris(4'-tert-
butoxycarbonylmethyloxyphenyl)ethane, 1,1,2-tr1s(4'-(1'-
cthoxyethoxy)phenyl)ethane, and 1,1,2-tr1s(4'-(1'-
cthoxypropyloxy)phenyl)ethane.

The compounds serving as dissolution inhibitor have a
weight average molecular weight of 100 to 1,000, preferably
150 to 800. An appropriate amount of the dissolution 1nhibi-
tor (E) 1s 0 to about 30 parts, preferably about 5 to 50 parts,
and especially about 10 to 30 parts by weight per 100 parts
by weight of the base resin. Less amounts of the dissolution
inhibitor may fail to yield an improved resolution, whereas
too much amounts would lead to slimming of the patterned
f1lm, and thus a decline 1n resolution. The nhibitor may be
used singly or as a mixture of two or more thereof.

The resist composition of the invention may include
optional ingredients, typically a surfactant which 1s com-
monly used for improving the coating characteristics.
Optional ingredients may be added in conventional amounts
so long as this does not compromise the objects of the
ivention.

[llustrative, non-limiting, examples of the surfactant
include nonionic surfactants, for example, polvoxyethylene
alkyl ethers such as polyoxyethylene lauryl ether, polyoxy-
cthylene stearyl ether, polyoxyethylene cetyl ether, and
polyoxyethylene oleyl ether, polyoxyethylene alkylaryl
cthers such as polyoxyethylene octylphenol ether and poly-
oxyethylene nonylphenol ether, polyoxyethylene polyox-
ypropylene block copolymers, sorbitan fatty acid esters such
as sorbitan monolaurate, sorbitan monopalmitate, and sor-
bitan monostearate, and polyoxyethylene sorbitan fatty acid
esters such as polyoxyethylene sorbitan monolaurate, poly-
oxyethylene sorbitan monopalmitate, polyoxyethylene sor-
bitan monostearate, polyoxyethylene sorbitan trioleate, and
polyoxyethylene sorbitan tristearate; fluorochemaical surfac-
tants such as EFTOP EF301, EF303 and EF352 (Tohkem
Products Co., Ltd.), Megatace F171, F172 and F173 (Dai-
Nippon Ink & Chemicals, Inc.), Florade FC430 and FC431
(Sumitomo 3M Co., Ltd.), Asahiguard AG710, Surflon
S-381, S-382, SC101, SC102, SC103, SC104, SCI103,
SC106, Surfynol E1004, KH-10, KH-20, KH-30 and KH-40
(Asahi Glass Co., Ltd.); organosiloxane polymers KP341,
X-70-092 and X-70-093 (Shin-Etsu Chemical Co., Ltd.),
acrylic acid or methacrylic acid Polyflow No. 75 and No. 95
(Kyoeisha Ushi Kagaku Kogyo Co., Ltd.). Inter alia, FC430,
Surflon S-381, Surfynol E1004, KH-20 and KH-30 are
preferred. These surfactants may be used alone or 1n admix-
ture.

2,2-bi1s(4-tert-bu-
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Pattern formation using the resist composition of the
invention may be carried out by a known lithographic
technique. For example, the resist composition may be
applied onto a substrate such as a silicon wafer by spin
coating or the like to form a resist film having a thickness of
0.1 to 1.0 um, which 1s then pre-baked on a hot plate at 60
to 200° C. for 10 seconds to 10 minutes, and preferably at
80 to 150° C. for 2 to 5 minutes. A patterning mask having
the desired pattern may then be placed over the resist film,
and the film exposed through the mask to an electron beam
or to high-energy radiation such as deep-UV rays, excimer
laser beams, or X-rays in a dose of about 1 to 200 mJ/cm?,
and preferably about 10 to 100 mJ/cm”, then post-exposure
baked (PEB) on a hot plate at 60 to 150° C. for 10 seconds
to 5 minutes, and preferably at 80 to 130° C. for %2 to 3
minutes. Finally, development may be carried out using as
the developer an aqueous alkali solution, such as 0.1 to 5%,
and preferably 2 to 3%, tetramethylammonium hydroxide
(TMAH), this being done by a conventional method such as
dipping, puddling, or spraying for a period of 10 seconds to
3 minutes, and preferably 30 seconds to 2 minutes. These
steps result in the formation of the desired pattern on the
substrate.

Of the various types of high-energy radiation that may be
used, the resist composition of the mvention 1s best suited to
micro-pattern formation with, in particular, deep-UV rays
having a wavelength of 254 to 120 nm, an excimer laser,
especially ArF excimer laser (193 nm), F, excimer laser (157
nm), Kr, excimer laser (146 nm), KrAr excimer laser (134
nm) or Ar, excimer laser (126 nm), x-rays, or an electron
beam. Recommended 1s exposure to high-energy radiation
in a wavelength band of 100 to 180 nm or 1 to 30 nm,
specifically F, laser beam, Ar, laser beam or soft x-ray. The
desired pattern may not be obtainable outside the upper and
lower limits of the above range.

The resist composition of the invention 1s sensitive to
high-energy radiation and exhibits a high sensitivity at a
wavelength of up to 300 nm, especially up to 200 nm. Due
to the use of a copolymer of a sulfone or sulfonate-contain-
ing monomer as a base resin, the resist composition 1s
improved 1n transparency, adhesion and developer penetra-
tion as well as plasma etching resistance. These features,
combined with the reduced absorption at the exposure
wavelength of an ArF laser, permit the inventive resist
composition to easily form a finely defined pattern having
sidewalls perpendicular to the substrate, making the resist
ideal as a micropatterning material in VLSI fabrication.

EXAMPLE

Examples of the invention are given below by way of
illustration and not by way of limitation. The abbreviations
used heremn are AIBN for 2,2'-azobisisobutyronitrile, GPC
for gel permeation chromatography, NMR for nuclear mag-
netic resonance, Mw for weight average molecular weight,
and Mn for number average molecular weight. Mw/Mn 1s a
molecular weight distribution or dispersity.

Synthesis Example 1

Copolymerization of Monomer 1, Monomer 2 and Monomer
3 (30:40:30)

A 500-ml flask was charged with 6.23 g of Monomer 1,
7.65 g of Monomer 2, and 6.12 g of Monomer 3, all shown
below, which were dissolved 1n 60 g of toluene. The system
was fully purged of oxygen, charged with 0.30 g of the
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initiator AIBN, and heated at 60° C. at which polymerization
reaction took place for 24 hours.

Monomer 1

Monomer 2

Monomer 3

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
tetrahydrofuran (THF) and pouring 1n 3 liters of methanol
for precipitation was repeated twice, after which the polymer
was separated and dried. There was obtained 14.9 g of a
white polymer, which was found to have a Mw of 9,500 as
measured by the light scattering method, and a dispersity
(Mw/Mn) of 1.5 as determined from the GPC elution curve.
On 'H-NMR analysis, the polymer was found to consist of
Monomer 1/Monomer 2/Monomer 3 in a molar ratio of

29:40:31.

Synthesis Example 2

Copolymerization of Monomer 1, 2-methyl-2-adamantyl
methacrylate and Monomer 3 (30:40:30)

A 500-ml flask was charged with 5.95 g of Monomer 1,
8.21 g of 2-methyl-2-adamantyl methacrylate, and 5.84 g of
Monomer 3, which were dissolved i 60 g of toluene. The
system was fully purged of oxygen, charged with 0.29 g of
the 1mitiator AIBN, and heated at 60° C. at which polymer-
1zation reaction took place for 24 hours.

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring in 3 liters of methanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 15.1 g of a white polymer,
which was found to have a Mw of 9,400 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On "H-NMR analy-
s1s, the polymer was found to consist of Monomer 1/2-

methyl-2-adamantyl methacrylate/Monomer 3 in a molar
ratio of 28:39:33.
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Synthesis Example 3

Copolymerization of Monomer 1, 2-ethyl-2-adamantyl
methacrylate and Monomer 3 (30:40:30)

A 500-ml flask was charged with 6.91 g of Monomer 1,
7.83 g of 2-ethyl-2-adamantyl methacrylate, and 5.26 g of

Monomer 3, which were dissolved 1 60 g of toluene. The
system was fully purged of oxygen, charged with 0.26 g of
the imitiator AIBN, and heated at 60° C. at which polymer-
ization reaction took place for 24 hours.

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring 1n 3 liters of methanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 15.3 g of a white polymer,
which was found to have a Mw of 9,600 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On "H-NMR analy-
s1s, the polymer was found to consist of Monomer 1/2-ethyl-

2-adamanty]l methacrylate/Monomer 3 1n a molar ratio of
2'7:38:35.

Synthesis Example 4

Copolymerization of Monomer 4, Monomer 5 and Maleic
Anhydride (10:40:50)

A 500-ml flask was charged with 3.20 g of Monomer 4,
11.42 g of Monomer 3, both shown below, and 5.38 g of
maleic anhydride, which were dissolved 1 6.67 g of 1,4-
dioxane. The system was fully purged of oxygen, charged
with 0.55 g of the mitiator 2,2'-azobis(2,4-dimethylvaleroni-
trile), and heated at 60° C. at which polymerization reaction
took place for 24 hours.

Monomer 4

\S,-;/O
S
O/
Monomer 5
O
O

The polymer thus obtained was worked up by pouring the
reaction mixture into 1sopropanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring 1n 3 liters of isopropanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 15.7 g of a white polymer,
which was found to have a Mw of 8,100 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On "H-NMR analy-
s1s, the polymer was found to consist of Monomer 4/Mono-
mer 5/maleic anhydride 1n a molar ratio of 11:39:50.
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Synthesis Example 5

Copolymerization of Monomer 4, Monomer 6 and Maleic
Anhydride (10:40:50)
A 500-ml flask was charged with 2.95 g of Monomer 4,

12.11 g of Monomer 6, shown below, and 4.94 g of maleic
anhydride, which were dissolved m 6.67 g of 1,4-dioxane.
The system was fully purged of oxygen, charged with 0.50
g of the mitiator 2,2'-azobis(2,4-dimethylvaleronitrile), and

heated at 60° C. at which polymerization reaction took place
for 24 hours.

-
-

O

Monomer 6

The polymer thus obtained was worked up by pouring the
reaction mixture into isopropanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring 1n 3 liters of isopropanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 15.1 g of a white polymer,
which was found to have a Mw of 8,300 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On 'H-NMR analy-
s1s, the polymer was found to consist of Monomer 4/Mono-
mer 6/maleic anhydride in a molar ratio of 10:40:50.

Synthesis Example 6

Copolymerization of Monomer 7 and 2-methyl-2-adamantyl
methacrylate (30:70)

A 500-ml flask was charged with 8.58 g of Monomer 7,
shown below, and 11.42 g of 2-methyl-2-adamanty]l meth-
acrylate, which were dissolved in 80 g of toluene. The
system was fully purged of oxygen, charged with 0.23 g of
the imitiator AIBN, and heated at 60° C. at which polymer-
1zation reaction took place for 24 hours.

Monomer 7

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring in 3 liters of methanol for precipitation
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was repeated twice, after which the polymer was separated
and dried. There was obtained 15.3 g of a white polymer,
which was found to have a Mw o1 12,000 as measured by the
light scattering method, and a dispersity (IMw/Mn) of 1.5 as
determined from the GPC elution curve. On '"H-NMR analy-
s1s, the polymer was found to consist of Monomer 7/2-
methyl-2-adamantyl methacrylate in a molar ratio of 31:69.

Synthesis Example 7

Copolymerization of Monomer 7 and 2-ethyl-2-adamantyl
methacrylate (30:70)

A 500-ml flask was charged with 8.29 g of Monomer 7
and 11.71 g of 2-ethyl-2-adamantyl methacrylate, which
were dissolved 1 80 g of toluene. The system was fully
purged of oxygen, charged with 0.22 g of the initiator AIBN,
and heated at 60° C. at which polymerization reaction took
place for 24 hours.

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring 1n 3 liters of methanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 14.0 g of a white polymer,
which was found to have a Mw of 11,500 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On '"H-NMR analy -
s1s, the polymer was found to consist of Monomer 7/2-¢thyl-
2-adamantyl methacrylate in a molar ratio of 30:70.

Synthesis Example 8

Copolymerization of Monomer 8 and 2-methyl-2-adamantyl
methacrylate (30:70)

A 500-ml flask was charged with 8.38 g of Monomer 8,
shown below, and 11.62 g of 2-methyl-2-adamanty]l meth-
acrylate, which were dissolved in 80 g of toluene. The
system was fully purged of oxygen, charged with 0.23 g of
the 1mtiator AIBN, and heated at 60° C. at which polymer-
1zation reaction took place for 24 hours.

Monomer 8

SO,

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring in 3 liters of methanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 14.7 g of a white polymer,
which was found to have a Mw o1 12,500 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On "H-NMR analy-
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s1s, the polymer was found to consist of Monomer 8/2-
methyl-2-adamantyl methacrylate in a molar ratio of 32:68.

Synthesis Example 9

Copolymerization of Monomer 8 and 2-ethyl-2-adamantyl
methacrylate (30:70)

A 500-ml flask was charged with 8.1 g of Monomer 8 and
11.9 g of 2-ethyl-2-adamantyl methacrylate, which were
dissolved in 80 g of toluene. The system was fully purged of
oxygen, charged with 0.23 g of the mitiator AIBN, and
heated at 60° C. at which polymerization reaction took place

for 24 hours.

The polymer thus obtained was worked up by pouring the
reaction mixture into methanol whereupon the polymer
precipitated. The procedure of dissolving the polymer in
THF and pouring in 3 liters of methanol for precipitation
was repeated twice, after which the polymer was separated
and dried. There was obtained 14.7 g of a white polymer,
which was found to have a Mw o1 11,000 as measured by the
light scattering method, and a dispersity (Mw/Mn) of 1.5 as
determined from the GPC elution curve. On "H-NMR analy-
s1s, the polymer was found to consist of Monomer 8/2-ethyl-
2-adamantyl methacrylate 1n a molar ratio of 31:69.

Evaluation
Polymer Transmittance Measurement

The polymers obtained imn Synthesis Examples 1 to 9,
designated Polymers 1 to 9, respectively, were determined
for transmittance. Three other polymers were furnished for
comparison purposes. Comparative Polymer 1 1s a mono-
disperse polyhydroxystyrene having a molecular weight of
10,000 and a dispersity (Mw/Mn) of 1.1 in which 30% of
hydroxyl groups are replaced by tetrahydropyranyl groups.
Similarly, Comparative Polymer 2 1s polymethyl methacry-
late having a molecular weight of 15,000 and a dispersity
(Mw/Mn) of 1.7; and Comparative Polymer 3 1s a novolac

polymer having a meta/para ratio of 40/60, a molecular
weight of 9,000 and a dispersity (Mw/Mn) of 2.5.

Each polymer, 5 g, was thoroughly dissolved 1n 20 g of
propylene glycol monomethyl ether acetate (PGMEA), and
passed through a 0.2-um filter, obtaining a polymer solution.
The polymer solution was spin coated onto a Mgk, substrate
and baked on a hot plate at 100° C. for 90 seconds, forming
a polymer film of 500 nm thick on the substrate. Using a
vacuum ultraviolet spectrometer (VUV-200S by Nihon
Bunko Co., Ltd.), the polymer film was measured for

transmittance at 248 nm and 193 nm. The results are shown
in Table 1.

TABLE 1

Transmittance (%)

Polymer 248 nm 193 nm
Polymer 1 90 78
Polymer 2 90 76
Polymer 3 91 75
Polymer 4 89 70
Polymer 5 90 70
Polymer 6 90 76
Polymer 7 90 74
Polymer ¥ 90 72
Polymer 9 90 76
Comparative Polymer 1 90 5
Comparative Polymer 2 91 80
Comparative Polymer 3 82 6



It 1s evident from Table 1 that resist materials using the

inventive polymers maintain suflicient transparency at the
ArF excimer laser wavelength (193 nm).

Resist Preparation and Exposure

33

Resist solutions were prepared 1n a conventional manner
by dissolving the polymer, photoacid generator (PAG1 or

PAG?2), basic compound (tributylamine or triecthanolamine),
and dissolution inhibitor (DRIL) 1n a solvent (PGMEA) 1n
amounts as shown in Table 2 and passing through a 0.2-um

filter.

PAGI1

PAGZ

Polymer

(pbw)

Polymer 1
(100)
Polymer 2
(100)
Polymer 3
(100)
Polymer 4
(100)
Polymer 5
(100)
Polymer 6
(100)
Polymer 7
(100)
Polymer 8
(100)
Polymer 9
(100)
Polymer 3
(100)
Polymer 3
(100)
Polymer 3
(100)

Polymer 1
(100)
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-continued
DRI1
O Oj<

On silicon waters having a film of AR-19 (Shipley) coated
to a thickness of 85 nm, the resist solutions were spin coated,
then baked on a hot plate at 120° C. for 90 seconds to give
resist films having a thickness of 300 nm.

The resist films were exposed by means of an ArF excimer
laser micro-stepper (Nikon Corp., NA 0.55, ¢0.7). Immedi-
ately after exposure, the resist films were baked (PEB) at
120° C. for 90 seconds and then developed for 60 seconds
with a 2.38% aqueous solution of tetramethylammonium
hydroxide, obtaining positive patterns.

The resist patterns were evaluated for sensitivity and
resolution. The sensitivity Eth of resist was the exposure
dose which provided a 1:1 resolution at the top and bottom
of a 0.18-um line-and-space pattern. The minimum line
width (um) of a line-and-space pattern which was ascer-
tained separate at this dose was the resolution of resist. The
results are shown in Table 2.

TABLE 2
Photoacid Basic Dissolution
generator compound inhibitor Solvent Eth,  Resolution

(pbw) (pbw) (pbw) (pbw)  mlem®  (um)

PAGI tributylamine - PGMEA 15 0.16
(4) (0.1) (1000)

PAGI tributylamine - PGMEA 3% 0.16
(4) (0.1) (1000)

PAGI tributylamine - PGMEA 2% 0.16
(4) (0.1) (1000)

PAGI tributylamine - PGMEA 12 0.17
(4) (0.1) (1000)

PAGI1 tributylamine - PGMEA 18 0.17
(4) (0.1) (1000)

PAGI1 tributylamine - PGMEA 35 0.1%8
(2) (0.1) (1000)

PAGI tributylamine - PGMEA 30 0.1%8
(2) (0.1) (1000)

PAGI tributylamine - PGMEA 3% 0.1%8
(2) (0.1) (1000)

PAG1 tributylamine - PGMEA 29 0.17
(2) (0.1) (1000)

PAG1  triethanolamine — PGMEA 30 0.15
(4) (0.1) (1000)

PAGI tributylamine DRI1 PGMEA 22 0.17
(4) (0.1) (10) (1000)

PAG?2 tributylamine - PGMEA 35 0.15
(4) (0.1) (1000)

PAGI1 triethanolamine — PGMEA  pattern —
(4) (0.1) (1000)  did not

form
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Japanese Patent Application Nos. 2002-085547 and 2002-
0853598 are incorporated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto 1n light of the above teachings. It i1s therefore to be
understood that the invention may be practiced otherwise
than as specifically described without departing from the

scope of the appended claims.

The invention claimed 1s:
1. A polymer comprising recurring units of the following

general formula (2a) or (2b) and having a weight average
molecular weight of 1,000 to 500,000,

(2a)

Rl 0
(2b)

Rﬁ

Rﬁ

R? a2 R9
RS R 10

wherein R° is a methylene group, oxygen atom, sulfur atom
or SO,, R’ to R'® each are hydrogen, fluorine, a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms or —R''—SO,R"'?, at least one of R’ to R™
containing —R'"—SO,R**, R'"" is a valence bond or a
straight, branched or cyclic alkylene or fluorinated alkylene
group of 1 to 20 carbon atoms, R'* is fluorine or a straight,
branched or cyclic alkyl group of 1 to 20 carbon atoms
which does not contain a hetero atom, al 1s O or 1, and a2
1s an integer of 0 to 2.

2. A polymer comprising recurring units each having a
tfunctional group of the following general formula (3), and
having a weight average molecular weight of 1,000 to

500,000,

RS

(3)

wherein R" is a methylene group, oxygen atom, sulfur atom
or SO,, R'* to R"’ each are hydrogen, a straight, branched
or cyclic alkyl group of 1 to 20 carbon atoms, —R —
SO.R"” or —R"™—SO,R", at least one of R'* to R"’
containing —R"*—SO,R"” or —R'"*—SO_R'"”, R"™ is a
valence bond or a straight, branched or cyclic alkylene group
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of 1 to 20 carbon atoms, R'” is hydrogen, an acid labile
group, an adhesive group or a straight, branched or cyclic
alkyl group of 1 to 20 carbon atoms which does not contain
a hetero atom, and b 1s O or 1.

3. A resist composition comprising polymer comprising
recurring units of the following general formula (1) and
having a weight average molecular weight of 1,000 to

500,000,

(1)

R3
R2
R4
O S O
RS

wherein R' to R'® each are hydrogen, fluorine or a straight,
branched or cyclic alkyl or fluorinated alkyl group o1 1 to 20
carbon atoms, R* is a valence bond or a straight, branched
or cyclic alkylene or fluormated alkylene group of 1 to 20
carbon atoms, and R” is a straight, branched or cyclic alkyl
group of 1 to 20 carbon atoms which does not contain a
hetero atom.
4. A chemically amplified positive resist composition
comprising
(A) a polymer comprising recurring umits of the following
general formula (1) and having a weight average

molecular weight of 1,000 to 500,000,

(1)

Rl
R3
R
R4
O_?_O
RS

wherein R' to R® each are hydrogen, fluorine or a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms, R* is a valence bond or a straight, branched
or cyclic alkylene or fluormated alkylene group of 1 to 20
carbon atoms, and R is a straight, branched or cyclic alkyl
group of 1 to 20 carbon atoms which does not contain a
hetero atom,

(B) an organic solvent, and

(C) a photoacid generator.

5. The resist composition of claim 4, further comprising
(D) a basic compound.
6. The resist composition of claim 4, further comprising
(E) a dissolution inhibitor.
7. A process for forming a resist pattern comprising the
steps of:
applying the resist composition of claim 3 onto a substrate
to form a coating,
heat treating the coating and then exposing 1t to high-
energy radiation 1n a wavelength band ot 100 to 300 nm
or 1 to 30 nm through a photomask, and
optionally heat treating the exposed coating and devel-
oping 1t with a developer.
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8. The pattern forming process of claam 7 wherein the
high-energy radiation 1s a KrF, ArF, F, or Ar, laser beam or
soit x-ray.

9. A resist composition comprising a polymer comprising,
recurring units of the following general formula (2a) or (2b)

and having a weight average molecular weight of 1,000 to
500,000,

(2a)
(2b)
Rﬁ
A
a2
RT % RQ'

wherein R° is a methylene group, oxygen atom, sulfur atom
or SO,, R’ to R'® each are hydrogen, fluorine, a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms or —R'"—SO,R,,, at least one of R’ to R™
containing —R''—SO,R"**, R'" is a valence bond or a
straight, branched or cyclic alkylene or fluorinated alkylene
group of 1 to 20 carbon atoms, R'? is fluorine or a straight,

branched or cyclic alkyl group of 1 to 20 carbon atoms
which does not contain a hetero atom, al 1s O or 1, and a2
1s an integer of 0 to 2.

10. A chemically amplified positive resist composition
comprising:
(A) a polymer comprising recurring units of the following

general formula (2a) or (2Zb) and having a weight
average molecular weight of 1,000 to 500,000,

(2a)

(2b)

; Rﬁ 2
Rﬁ
al
R’ R”

RS Rl 0
Y
Rﬁ

a2
RT RQ'
RS Rl 0
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wherein R°® is a methylene group, oxygen atom, sulfur atom
or SO,, R’ to R' each are hydrogen, fluorine, a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms or —R'"13 SO,R", at least one of R’ to R*°
containing —R'"'—SO,R'?, R'" is a valence bond or a

straight, branched or cyclic alkylene or fluorinated alkylene
group of 1 to 20 carbon atoms, R'“ is fluorine or a straight,

branched or cyclic alkyl group of 1 to 20 carbon atoms
which does not contain a hetero atom, al 1s O or 1, and a2
1s an integer of O to 2,

(B) an organic solvent, and

(C) a photoacid generator.

11. A resist composition comprising a polymer compris-

ing recurring units each having a functional group of the
following general formula (3), and having a weight average

molecular weight of 1,000 to 500,000,

(3)

wherein R'? is a methylene group, oxygen atom, sulfur atom
or SO,, R to R'” each are hydrogen, a straight, branched
or cyclic alkyl group of 1 to 20 carbon atoms, —R —
SO.R"” or —R'"*—SO,R", at least one of R to R"’
containing —R"*—SO,R"” or —R'*—SO_R'”, R" is a
valence bond or a straight, branched or cyclic alkylene group
of 1 to 20 carbon atoms, R'” is hydrogen, an acid labile
group, an adhesive group or a straight, branched or cyclic

alkyl group of 1 to 20 carbon atoms which does not contain
a hetero atom, and b 1s O or 1.

12. A chemically amplified positive resist composition
comprising:

(A) a resist composition comprising a polymer compris-

ing recurring units each having a functional group of

the following general formula (3), and having a weight

average molecular weight of 1,000 to 500,000,

(3)

wherein R'® is a methylene group, oxygen atom, sulfur atom
or SO,, R'* to R’ each are hydrogen, a straight, branched
or cyclic alkyl group of 1 to 20 carbon atoms, —R —

SO.,R"” or —R"*—SO,R"", at least one of R'* to R'’
containing —R'*—SO.,R'"” or —R'*—SO.R'”, R'® is a
valence bond or a straight, branched or cyclic alkylene group
of 1 to 20 carbon atoms, R'” is hydrogen, an acid labile
group, an adhesive group or a straight, branched or cyclic
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alkyl group of 1 to 20 carbon atoms which does not contain
a hetero atom, and b 1s 0 or 1,

(B) an organic solvent, and
(C) a photoacid generator.

13. A polymer comprising recurring units of the following
general formula (1) and having a weight average molecular

weight of 1,000 to 500,000,

(1)

Rl
R3
Y
R4
O==S=0)

wherein R' to R® each are hydrogen, fluorine or a straight,
branched or cyclic alkyl or fluorinated alkyl group of 1 to 20
carbon atoms, R* is a valence bond or a straight, branched
or cyclic alkylene or fluorinated alkylene group of 1 to 20
carbon atoms.

14. A polymer comprising recurring units of the following
general formula (1) and recurring units of any one of the
following general formulae (4-1) to (4-5), and having a
weight average molecular weight of 1,000 to 500,000,

(1)

Rl
R3
R
R4
() =?=O
RS

wherein R* to R® each are hydrogen, fluorine or a straight,
branched or cyclic alkyl or fluorinated alkyl group or 1 to 20
carbon atoms, R* is a valence bond or a straight, branched
or cyclic alkylene or fluorinated alkylene group of 1 to 20
carbon atoms, and R” is a straight, branched or cyclic alkyl
group of 7 to 20 carbon atoms which does not contain a
hetero atom,

(A1)
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-continued
(4-2)
(4-3)
(4-4)
(R33 O R23)
(4-5)

R23

wherein R*” to R** and R’° to R’ each are hydrogen,

fluorine or a straight, branched or cyclic alkyl or fluorinated
alkyl group of 1 to 20 carbon atoms, R*> is a group of the
formula (3) below, an acid labile group, an adhesive group,

or a straight, branched or cyclic fluormated alkyl group of 1
to 20 carbon atoms,

(3)

wherein R'” is a methylene group, oxygen atom, sulfur atom
or SO,, R* to R'’ each are hydrogen, a straight, branched or
cyclic alkyl group of 1 to 20 carbon atoms, —R'*—SO,R"”
or —R'"*—SO,R"", at least one of R' to R'’ containing
—R"™—SO,R"” or —R'"*—SO,R", R'® is a valence bond
or a straight, branched or cyclic alkylene group of 1 to 20
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carbon atoms, R’ is hydrogen, an acid labile group, an

adhesive group or a straight, branched or cyclic alkyl group
of 1 to 20 carbon atoms which does not contain a hetero

atom and b 1s O or 1, said adhesive group being selected from
the group consisting of the group of the following formulae:

b
-
O C
A

L
O
07" TN(CHy), H

H

/

\

Jor
;

0L

Fsgiliot
oSl
P
Y
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-continued

R** is a methylene group, oxygen atom, sulfur atom or SO.,
R*> o R*®* each are hydrogen, fluorine, —R**—QOR?*’,
—R —CO,R™ or a straight, branched or cyclic alkyl or
fluorinated alkyl group of 1 to 20 carbon atoms, R*” and R
cach are a valence bond or a straight, branched or cyclic
alkylene or fluorinated alkylene group of 1 to 20 carbon
atoms, R>* is a straight, branched or cyclic fluorinated alkyl
group of 1 to 20 carbon atoms, R* is a methylene group,
oxygen atom, sulfur atom or SO,,c1s0or 1,di1s 1 or 2, ¢
is an integer of 0 to 4, and 1=d+eZ=5.
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